


· Qn1y two creative forces 
could make sometlt!ttg so extraordinarily 

small and powerful, 
Ftrst,nature, 

Now, 1bshiba, 

Consider the new Toshiba T5100. 
Small. Very fast. Extraordinarily powerful. A tireless worker. 
How small and how powerful? just imagine a "mainframe" 
computer that weighs less than 15 pounds and is small 
enough to tuck under your pillow at night. 

Incredibly, that's what Toshiba has created with the 
T5l00 portable computer: the perfect combination of size 
and performance. 

The T5l00 is packed with power. With its 80386 micro
processor, it has enough to perform almost any role ex
tremely well. As a "Server" and/or "Node" in your Local Area 
Network (with a "Gateway" so it can also act as an intelligent 
on-line terminal to your mainframe or mini-computer), 
to an excellent CAD/CAM/CAE workstation, desktop PC, 

or an outstanding portable you can take anywhere. 
It has phenomenal retention thanks to a 40MB internal 

hard disk. And it dredges up those memories at a frenzied 
average access time of 2 9 milliseconds. 

While we're talking megabytes, the T5l00 has 2 MBs of 
standard memory, expandable to 4 MBs with Lotus-Intel
Microsoft Expanded Memory Specification. Call it LIM-EMS 
at parties. 

To learn more about this new world wonder, contact 
your Authorized Toshiba re-seller who has the power to sell 
you several. Or call Toshiba direct at l-800-387-5645. 

Because it could be another few million years before 
something this unique comes along again. 

The best keep getting better. 

TOSHIBA 
WE MEAN BUSINESS 

INF O RMATION SYSTEM S D IVIS ION 
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The Testbe 
Ideas on setting up and using basic test equipment. 

ne day, when you feel like working 
on that weekend electronic project, 
you'll reach into your toolbox for 
your trusty multimeter and the 
monkey wrench that was sitting on 
top of it will have cracked the face. 
Then you try to measure the mil
livolt output of your breadboard 

and the needle moves a hair: is it the meter 
or the project? Well, you could lash up a 
one- transistor gain stage to . beef up the 
meter sensitivity, but that could take a 
while, and you're getting further and fur
ther from troubleshooting your project... 

It's time to start investing in some 
good test equipment. Not only will you be 
able to complete that project, and the six 
others in the back of the closet, but your 
learning will take a quantum leap because 
you'll be able to see and measure the 
waveforms that were a concealed mystery 
until now. 

You don't have to spend a year's rent, 
(though that would be nice) and you don't 
really need all that much room. Silence any 
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objections by saying that appliance repair 
brings in $100 an hour. When they remind 
you about the toaster that you said you'd fix 
six months ago, put on your hat and coat 
and start shopping for equipment. Here's a 
rough guide on what to look for. 

We'd especially like to thank Duncan 
Instruments for supplying us with a whole 
carload of instruments for this article. 

The Scope 
It has been said many times, usually by me, 
that the oscilloscope is the heart of the 
testbench. Sometimes I've called it a 
workhorse. The whole idea of these lame 
metaphors is to emphasize that the scope 
can do almost everything: not only can it 
measure voltage, current, frequency and a 
whole lot more, but it lets you see exactly 
what's going on - whether the signal is 
full of distortion, or has DC mixed in, or 
whether the circuit is so unstable that the 
mere presence of the scope lead triggers 
oscillations. One screenful is worth a 
thousand multimeter probings. 

What to look for in a scope depends 
on what you want to do with it. One of the 
first choices should be bandwidth, because 
high speed increases the cost, just as it 
does with cars or computers. If you plan to 
work only with basic projects or audio, you 
can probably make do with a bandwidth of 
500kHz or .less, although these days even 
the lowest cost scopes tend to have at least 
5 or lO:MHz of bandwidth. If you want to 
examine very high speed signals, you'll pay 
vast quantities of money to exceed 
lOOMHz You can also get by with a single 
trace, but the ability to view two signals 
(such as input and output) is well worth 
the extra expense. You can also work up 
some tricks, such as using the two chan
nels as X and Y inputs to display the VI 
characteristics of diodes and transistors. 

The scope shown in the photos, a 
GW Instruments 543, was reviewed in last 
month's issue, and is a good example of a 
general-purpose dual-trace model with 
good high-speed performance. Selling for 
$1125, it reaches 40:MHz and has a com-
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prehensive triggering section for stable 
displays. 

Another possibility is to find used 
equipment in a surplus store or electronic 
flea market. The price is usually right, but 
I've found that, in general, the test equip
ment at $20 per box casts your testbench in 
a whole new light. Instead of cutting a swath 
through your list of projects, you just go 
from fighting with a multimeter to fighting 
with every piece of equipment on the 
bench. Your one hobby in life becomes 
trying to produce and display a stable signal 

However, if you like that sort of chal
lenge, or if your spouse insists on throwing 
the money away on frivolities like food and 
rent, there are lots of deals available. In 
some cases, you may have to take what you 
can get, but if there's a good selection, look 
for a DC-coupled scope with triggered 
sweep and rotary switches with clickstops 
for vertical gain and sweep (as opposed to 
continuously variable pots). The DC cou
pling is necessary so you can see if DC is 
getting in where it should or shouldn't be. 
Triggered sweep is absolutely necessary for 
a stable display, and scopes with only a Sync 
control let the signal roll and blur and 
dematerialize. The switches instead of pots 
give you repeatable setting; that can be 
used for measurements. 

The Generator 
Once your scope is working, you'll need 
something to look at. I recall making a 
sinewave oscillator out of a twin-T filter 
with the amplitude adjusted with a trim 
pot. The distortion was terrible, especially 
if you changed ranges. 

There are two basic types of signal 
generators on the market, the standard 
sinewave oscillator, which may or may not 
have a squarewave output as well, and the 
function generator. The sinewave generator 
has the advantage of (usually) very low dis
tortion, low cost and simple circuitry. The 
amplitude is stabilized by controlling the 
feedback With a FET, a light bulb filament 
or a thermistor, all of which cause a certain 
amount of amplitude bouncing at low fre
quencies or when you change ranges. The 
GW Instruments 808B is typical of 
economical sine wave generators at $230 
(FST out), featuring a range of 10Hz to 
1MHz, + /-0.5dB. It can produce a 
sinewave of 7V or a squarewave of 10V 
peak-to-peak. One of its best features, and 
one to look for on generators, is the built-in 
attenuator, which reduces the signal in six 
10dB steps in addition to the rotary level 
control This gives you very fine control of 
signal levels, particularly in the millivolt 
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region where the pot adjustment is too 
coarse. 

The squarewave function is a good 
one if you do any audio work; a rule of 
thumb is that an amplifier must have a 
minimum bandwidth of 1/10 to 10 times 
the square wave frequency if the wave is to 
look at all square. In other words, to pass a 
1kHz squarewave that looks like a 
squarewave, an amplifier needs a 
bandwidth of at least 100Hz to 10kHz. 
Further, you can test tone circuits because 
the square wave horizontal lines act like a 
poor man's spectrum analyzer: the bass 
and treble controls tip it this way and that, 
letting you know right away if anything is 
out of the ordinary. 

The output impedance of most gen
erators is 600 ohms with the signal polarity 
swinging above and below ground, ideal 
for most work, but a bit awkward to use 
for driving logic circuitry. 

The other main type is the function 
generator. These generate a triangular wave 
by charging and discharging a capacitor; the 
triangle is then squared up with a com
parator, and also changed to a sinewave by 
various means, such as the nonlinear 
characteristics of a diode or bridge matrix. 
This gives you a choice of three outputs. In 
addition, the circuit can be voltage control
led over a wide range, usually three decades 
(1000:1); you can sweep over most of the 
audio range with a single pot. The low fre
quency performance is usually much better 
than the sinewave oscillator. The GW In
struments 8016D, at $470 (FST out), is a 
typical example, with sine, square, triangle, 
ramp and pulse outputs from 0.2Hz to 
2MHz. There's an output that can drive 
TIL or CMOS logic circuitry, when set for 
CMOS, the level is adjustable up to 15V. To 
monitor the output frequency, it includes a 
digital frequency counter, which also has an 
external input. 

If you need a signal source for a lot of 
different uses, it's hard to beat the function 
generator; its only drawback is somewhat 
high distortion on the sinewave, typically 
about 1%. This is countered somewhat by 
the very flat amplitude response, usually 
+ /-0.1dB over most of the range. 

The Multimeter 
The most difficult thing about buying a 
multimeter is making the choice. You can 
fmd meters from under-$100 handhelds to 
precision bench models. There isn't a 
great deal of dillerence between models in 
the same price range, other than number 
of digits (3 1/2 or 4 1/2) and precision 
(most bench models are 0.1% DC ac-

curacy or better). A handheld is probably 
best for starters. One thing I do like about 
bench models is that they have LEDs in
stead of LCDs, making them a bit more 
visible when you're testing. 

Some of the units, such as the GW In
struments 8045, feature true RMS detec
tion. This is a very useful feature whenever 
you need to know the power dissipated in 
a load driven by a nonsinusoidal 
waveform. If you put a train of voltage 
spikes into a resistive divider, will it make 
smoke or not? There are two ways of fmd
ing out: let it blow up, or invest in true 
RMS detection. It's not an essential fea
ture, but if you can get it, go for it. The 
8045 is $590, FST not included 

Power Supplies 
There are more power supplies than 
DMMs out there, making the choice dif
ficult. Again, it depends on what you plan 
on doing with it. There's hardly a test
bencher who hasn't started off with a trans
former/rectifier, with the output voltage 
adjusted by means of dropping resistors. 

Once you get tired of hacking at resis
tors and decide you'd like some con
venience, a regulated supply is the only 
way to go. Aside from unchanging output 
voltage, one of their strongest points is the 
ability to sharply limit the output current. 
This lets you turn down the output 
capability and prevent a blast if anything 
goes wrong in your circuit (a rare occur
rence, I know). A good example of a supp
ly that can do just about everything is 
GWs 3030. It has two 0-30V 2A supplies 
which can work separately, or be con
nected in series for higher voltage or in 
parallel for higher current. One of them 
can become the master and the other will 
track it. On the front panel are two 3 1/2 
digit meters for monitoring voltage or cur
rent, and two 5V outputs, one with 1A and 
the other with 3A Whether you work with 
computers, logic control or complex audio 
equipment, this would meet every possible 
need It sells for $750, FST not included. 

Other Equipment 
Other equipment? You want more? Well, 
there's no end to the supply of test equip
ment that's available, from specialized 
handheld gadgets that do only one thing to 
complex analyzers. We'll be covering 
much of this equipment on an ongoing 
basis in all future issues. 

For fwtlzer infonnation on the equip
ment mentioned in the examples, contact 
Duncan Instnmzents, 121 Milvan Drive, 
Toronto, OntarioM9L 1Z8, (416) 742-4448. • 
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INfORMATION 
Electrovert Introduces 
Hoii«!W, One Piece Injection 
Molaea Components 
Electrovert, manufacturer of production 
equipment for the electronic industry, has 
acquired exclusive manufacturing and 
marketing rights in North and South 
America for a process and system that 
enables molders to produce hollow, one 
piece plastic components having complex 
internal geometries. 

Pioneered by Fry's Metals Ud, UK, 
the "Metallic Core Technology " (Mer) 
process combines the use of low melting 
point alloys and the ''LMD 2000" system 
to produce the cores utilized during the 
molding process. Once the plastic part is 
molded around the metal core, it is melted 
out via the fully integrated lMD system. 
Engine inlet manifolds, fluid reservoirs 
and water pumps are just a few of the 
components proven viable for the Mer 
process. 

Circle No. 2 on Reader Service Card 
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Silicone-Based Resin Blend System 
G.E. Silicones is producing a new silicon-based resin blend system for paints and 
coatings. The TRIPLUS resin family was developed as a solventless, 100-percent 
silicon formulation, designed to give the end user a product with the properties of 
toughness, fleXIbility and high temperature protection. The silicone-based system for 
various coatings has key performance characteristics of low volatile components 
(VOC), low viscosity, adhesion to many substrates without the need of a primer, and 
high temperature resistance. 

The system is comprised of two resins- one (TPR 178) for flexible coatings and 
the other (TPR 179) for rigid coatings. The two resins can be blended together to 
provide an unlimited range of coating capabilities to suit a multitude of applications 
eliminating the need for other coating products. The resin-based coatings can be pig
mented with aluminium, titanium dioxide, metallic oxides etc. and offer protection up 
to 649°C (1200°F). These non-gloss materials can be applied to a surface as hot as 
600'198F for on-line paintability. The material can be formulated to comply with en
vironmental protection legislation standards. 

Circle No. 3 on Reader Service Card 

Surface Mount Quality Control 
Materials Innovation of London, Ontario, 
announces the availability of their Solder 
Paste Quality Assurance Analyzer, a 
device that monitors solder paste tackiness 
by simulating the actions of a surface
mounted component placement robot. It 
can be operated manually or automatically, 
using a PC-compatible microcomputer. 
Testing and analysis are completed within 
three minutes at the press of a button. The 
accompanying software includes other 
operating features, such as statistical 
process control charts. Materials Innova
tion Inc. 

Circle No. 4 on Reader Service Card 

Filtronetics Inc. Enters the 
Canadian Market 
Filtronetics designs and manufactures 
more types of custom electronic filters than 
any other company in the U.S. by covering 
a wider range of frequencies. This includes 
passive LC filters, crystal filters, program
mable active filters and microwave filters 
for military and commercial use. In addi
tion microwave capability comprises of 
custom designed combiners, power divid
ers, mixers, switches and micro strip filters. 
Calbrooke Marketing will be responsible 
for all Hltronetics current and future cus
tom filter business in Canada. 

Circle No. 5 on Reader Service Card 
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Alkaline Resist Stripper 
Hysol Electronic Chemicals has developed a new alkaline resist stripper that speeds the 
strip and dissolve cycle for fully aqueous photoresist films. Hysol Deltastrip 775 strips 15 
mil resists in one minute or less. It can be used in spray of immersion systems and will 
rapidly dissolve films from between overplated fine line traces. Deltastrip 775 is also 
recommended for some semi-aqueous dry films. The formula contains no glycol ether 
solvents and has a high loading capacity for longer bath life. In addition, it contains spe
cial anti-tarnish agents that leave the copper plate bright, ready for automated optical in
spection and solder mask application. The stripper does not darken solder plated 
PWB's. 

Circle No. 6 on Reader Service Card 

Telecommunications 
Agreement Signed 
The Canadian government, through the 
Export Development Corporation, is 
fmancing a $212 million loan to the Office 
National des Postes et des Telecommun
ications of Morocco. The loan, guaanteed 
by the Kingdom of Morocco, is in support 
of a contract to Bell Canada International 
for the installation of 300,000 new tel
ephone lines in phase one of Morocco's 
telecommunications development plan. 

Electro-Optic Probe 
AT&T Bell Laboratories have developed 
a probe capable of measuring voltages in 
integrated circuits and high speed 
devices. This blend of optics and 
electronics opens up new avenues for the 
characterization of devices and circuits. 
With the new probe, engineers can test a 
circuit without making physical contact or 
connections 'with the circuit itself. It is one 
hundred times faster than the fastest sam
pling oscillloscopes. 

Fourth Annual Kyoto 
Prize Awards 
Created in 1984 by Kazuo Inamor~ a 
Japanese industrialist and humanitarian, 
the Kyoto Prizes recognize outstanding 
accomplishments in three fields not 
named by the Nobel Prizes: Advanced 
Technology, Basic Sciences and Creative 
Arts and Moral Sciences. Each year's 
Kyoto Prize laureates receive academic 
honors and a cash award of 45 million yen 
(approximately US$340,000). Receiving 
the 1988 Kyoto Prize in the category of 
"Advanced Technology" will be Dr. John 
McCarthy, aptly known as the "father" of 
artificial intelligence. 

Among Dr. McCarthy's achievements 
is the creation of the Time-Sharing System 
which paved the way for most of today's 
large-scale computor installations. In addi
tion. McCarthy is the originator of the com
puter language USP, which is now used by 
nearly all researchers in the field of artificial 
intelligence. 

Continued on page 21 

FUTURE INTERFACE INC. 
YOUR HARD DRIVE REP AIR SPECIALISTS 

R.M.S. C. D.C. 

ATASI I.M.I. 

SEAGATE N.E.C. 

TANDON 

MAXTOR 

SHUGART 

MINISCRIBE MICROSCIENCE 

• Class 100 Clean Room • Servo and Wedge Writing Capabilities • 5 to 10 Day Turnaround 
• Full 24 Hour Burn-in on All Repaired Drives • 180 Day Warranty on All Work • Competitive Pricing 

• In-House Servo-writing on Seagate 4000 Series • Free Estimates Available 

416-470-6280 
FUTURE INTERFACE INC. 401 ALLEN RD. UNIT 8 MARKHAM, ONTARIO L3R 4N4 
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The Canadian High 
Technology Shovv 

Looking at the Mecca of technology. 

he Canadian High Technology 
Show opened September Tl for the 
three-day run at the Canadian National 
Exhibition building:; in Toronto. An es
timated total crowd of over 20,000 
visited the record 1050 booths, which 
accomodated exhibitors from North 
America, Europe and Asia. The show 
could be broken down into three major 

Bill MARKWICK 

segments, running concurrently: general 
high technology, production and packag
ing, and the test and measurement displays. 

rows of industrial PCB-making machines, 
is that surface mount devices are taking 
over. The displays varied from small hand
held repair tools for the service bench to 
huge board-stuffers, complete with X-Y 
robot arms and laser scanners to check for 
missing components. The reduction in 
board size resulting from SMD packaging 
has spurred manufacturers to adopt the 
new method, and has no doubt bedevilled 
service people who don't have micro
scopes for eyes when it comes to testing 
and repairing the tiny chips. On entering, we passed through the 

production and pcickaging section, where 
the immediate me.Ssage, to judge from the 

After an acre of packaging equip
ment, the T &M section beckoned, guiding 

8 

METERS FOR EVERY JOB! 
VALUE PRICED 

MODEL GDM-8035 
DIGITAL BENCH 
MULTIMETER 
Six functions including AC/DC 
voltage, AC/DC current, resis· 
tance and diode test, 20A high 
current range and 1200V high 
voltage range, accuracy 0 .1 %. 
Circuit protected, seven segment 

LED display. ~~~·······-~ $325. Plus $10for shipping & handling. 

HC·5050E 

MODEL HC-4510 
4-1/2 DIGIT ACCURACY 
200mV to 750V AC, 200mV to 1 OOOV 
DC and 2mA to 1 OA AC/DC currents 
plus resistance 20 ohm to 20M ohm. 
Overload protected, 9V battery 
included. 

$134.50 
Carrying case: add $10.00. 
Plus $5 for shipping & handling. 

HC-5050E 
DELUXE ANALOG 
MULTIMETER 
14 DC volt ranges to 1 200V and 
13 AC ranges to 3300V plus AC/DC 
currents, DC resistance and dB. 
Accuracy 2.5% DC and 3.5% 
AC. Complete with carrying case. 

$59.95 
Plus $5 for shipping & handling. 
GSA approved where applicable. 

Order by phone or mail. Credff card, money order, cert. cheque or 
C.O.D. Ontario residents add 8% P.S. T. 

KB ELECTRONICS 
355 Iroquois Shore Road, Oakville, Ontario L6H 1M3 
Tel: (416) 842·6888 • Telex: 06·982396 KBELOKVL 
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you along miles of colour-coded carpet, 
which was a nice touch, because after two 
days of looking at more dials and switches 
than the mind could absorb, it was nice to 
have the carpet let you know where you 
were. The T &M displays confirmed the 
trend that's been building over the last few 
years, which is Automated Test Equip
ment (ATE). The power of the micro
computer is put to work via various inter
faces which connect to the test points of 
the equipment that's being produced or 
repaired. All sorts of analyses and diag
nostics can be run this way, and the ob
vious moral to the story is the simplifying 
of servicing-eventually, there may be no 
more pick and poke with a scope probe. 

In general high technology, however 
you define the phrase, there were more 
computer peripherals than there are com
puter owners. Plotters, printers, robot arms, 
tape and disk drives, motion controllers, 
computer-controlled milling machines
every possible toy for the gadgeteer. 

There were many seminars produced 
by various companies for the industry mem
bers benefit, and the show always has 
awards as part of its promotion; the Best 
Canadian Product was a modular measure
ment and control for industrial process 
monitoring, from Sciemetric Instruments. 

In general, there were no real surprises 
or revelations, but a confirmation of trends. 
Design, production, testing and servicing of 
products is more and more coming under 
computer control, either mainframe or 
micro. Robotic arms and motion controllers 
are replacing hand labour on production 
lines; in fact, the integrated system can take 
a design drawing done with CAD and use a 
computer-controlled milling machine to 
produce a 3D model that can be used for 
the casting process, etc. Bench technicians 
have more and more diagnostic aids for 
digital and analog equipment. 

Thirty years ago, high technology was 
going to give us personal helicopters and 
weekends on the moon. The real outcome 
was a revolution in design and production, 
mostly as a result of the microchip. • 
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Learn to troubleshoot and service today's 
.computer systems as you build 
a fully XT-compatible micro, 
complete with 512K RAM 
powerful20 meg hard drive 

Your NRI computer training includes all this: • NRI's unique Discovery lab® for circuit design and diagnosis 
• NRI's hand-held digital multimeter featuring "talk-you-through" instructions on audio cassette • A digital 
logic probe that lets you visually examine computer circuits • The new Packard Bell VX88 computer with 
"intelligent" keyboard, 360K double-sided, double-density disk drive, 512K RAM, 16K ROM • 20 megabyte 

Train the NRI Way-
and Earn Good Money Servicing 
Any Brand of Computer 

Jobs for computer service teclmicians will 
almost double in the next 10 years according 
to Department of Labor statistics, making 
computer service one of the top 10 growth 
fields in the nation. 

Now you can cash in on this exciting 
opportunity-either as a full-time industry 
teclmician or in a computer service business 
of your own-once you've mastered 
electronics and computers the NRI way. 

NRI's practical combination of 
"reason-why" theory and hands-on building 
skills starts you with the fundamentals of 
electronics, then guides you through more 
sophisticated circuitry all the way up to the 
latest advances in computer technology. 
You even learn to program in BASIC and 
machine language, the essential language 
for troubleshooting and repair. 

hard disk drive • Bundled software 
including MS-DOS, GW-BASIC, word 

processing, spreadsheet, and database 
programs • Packard Bell reference 
manuals with programming guidelines and 
schematics. 

peripheral-now included in your course to 
dramatically increase the data storage 
capacity of your computer while giving you 
lightning-quick data access. Plus you work 
with exclusive word processing, database, 
and spreadsheet software, yours to use for 
your own professional and personal 
applications. 

As you build your computer, 
performing key demonstrations and 
experiments at each stage of assembly, you 
get the confidence-building, real-world 
experience you need to work with, 
troubleshoot, and service today's most 
widely used computer systems. 

No Experience Needed, NRI Builds It In 

This is the kind of practical, hands-on 
experience that makes you uniquely 
prepared to take advantage of today's 
opportunities in computer service. You learn 
at your own convenience in your own home. 

No classroom pressures, no night school, no 
need to quit your present job until you're 
ready to make your move. And all 
.throughout your training, you've got the full 
support of your personal NRI instructor and 
the NRI teclmical staff, always ready to 
answer your questions and help you 
whenever you need it. 

FREE 100-Page Catalog Tells More 

Send today for NRI's big, 100-page, full
color catalog that describes every aspect of 
NRI's innovative computer training, as well 
as hands-on training in robotics, video/audio 
servicing, electronic music technology, 
security electronics, data communications, 
and other growing high-tech career fields. If 
the coupon is missing, write to: NRI School 
of Electronics, McGraw-Hill Continuing 
Education Center, 3939 Wisconsin Avenue, 
Washington, DC 20016. 

IBM is a registered trademark of International Business 
Machines Corporation 

Get Real-World Skills as You Train 
With a Powerful XT -Compatible 
Micro-Now With 20 Meg Hard Drive! SEND COUPON TODAY FOR FREE NRI CATALOG! 

To give you hands-on trainfug with the 
absolute in state-of-the-art computer 
technology, NRI includes the powerful new 
Packard Bell VX88 computer as the 
centerpiece of your training. As you 
assemble this fully IBM XT-compatible 
micro from the keyboard up, you actually 
see for yourself how every section of your 
computer works. 

You assemble and test your computer's 
"intelligent" keyboard, install the power 
supply and 5W' disk drive, then interface the 
high-resolution monitor. But that's not all. 

Your hands-on training continues as 
you install a powerful 20 megabyte hard 
disk drive-today's most-wanted computer 

IIIRI 
McGraw-Hill Continuing Education Center 
330 Progress Avenue, Scarborough, Ontario, MIP 2Z5 
Main Office: 3939 Wisconsin Avenue, NW, Washington, DC 20016 
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Search Goes· On for New 
Superconductor Materials 
Physicist J urgen Franck and his small 
!!roup of researchers at the University 
~f Alberta are racing with scientists all 
over the world to create a new breed of 
ceramic superconductors. A supercon
ductor is a material that, when caused 
to become eJ..-tremely cold, loses resis
tance. Electricity can flow through it 
with no loss of power. This is a valu
able property in power cables as, for 
instance, it allows energy to be trans
mitted without power loss. (Supercon
ductors also generate a powerful mag
netic field.) 

A few months ago, temperatures 
below minus 250°C had to be reached 
before superconductivity was ob
served. But cooling a material down to 
these low temperatures is an expensive 
business. It takes liquid helium, which 
is scarce as well as costly. 

A major advance was made recent-' 
ly when researchers created a com-

pound that was fully superconducting 
at around minus l80°C. This degree of 
coolin.,. can be achieved by using liquid 
nitro.,.~n a medium that is cheaper 
than ~1ill~ by the gallon and easily avail
able. 

"From a fundamental point of 
view of physics, superconductivity is an 
extraordinary phenomenon," says 
Franck. "Even a ball thrown through 
the air generates friction. With su~r
conductors we have electrons gomg 
through a vety dense material without 
any loss of energy at all. This is almost 
inconceivable." Evety day in his lab 
Franck is making superconductors 
from new formulae, systematically 
vatying composition and pro?uction 
methods, looking for that magic com-

. bination that will pfoduce a viable su
perconductor able to work at tempera
tures much higher than used to be 
thought possible. 

The basis for Franck's exp!riments 
is yttrium used as an oxide, barium 
used as a carbonate, and copper used 
as an oxide. "We are ttying different 
proportions of these ingredients and 
putting in some other things," says 
Franck. "TI1ey are mixed up together, 
compressed and then fired in a high
temperature oven to make ceranuc 
pellets. We are 'baking' them in dif
ferent ways and cooling them at dif
ferent speeds.'The result is a mixture 
of compounds in one pellet. One of 
these compounds is usually supercon
ducting. Unfortunately, the others are 
not. If researchers could only hit on the 
ri.,.ht in.,.redients, proportions and . 
m~thod,"the pellet would consist of 
that one, ideal compound. 

"However, the combinations are 
limitless," says Franck. ''We mix, bake, 
test, analyze and then tty again. 1l1ere 
are so vety many obstacles we must 
overcome. But from a practical point 
of view, there will be many applica
tions. 1l1ey may not come as fast as 
people in their original enthusiasm 
thought. At present it appears that 
thii1 film devices will be the first to find 
technological applications. But there is 
no doubt in my mind that there will be 
many more applications - we can't 
give up.'' 

Dr. Franck's research is supported 
by the National Research Council of 
Canada." 

A superconductor levitates above its baOz of liquid nitrogen. 
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Tree rings are providing new infonnation about our global climate. 

For Yesterday's Weather 
- Read Tree Rings 
Scientists have a fairly good grasp of 
how global climate has changed over 
tens of thousands to hundreds of 
thousands of years. They also know 
rather a lot about weather, monitored 
and charted daily in many patts of the 
world since the late 19th centmy. But 
what is understood about climate 
chan.,.e on tinle scales from years to 
mor; than a millennium is another 
question. Although knowledge of 
weather over such time spans is limited, 
these time scales are arguably the most 
important to human society. Tree ring 
analysis is providing more information 
for long-tenn global climate study. . 

Some tree species will vety sensi
tively record not only annual, but 
seasonal climate changes .over 
thousands of years. Unfortunately; 
these tree types grow mainly in Earth's 
temperate zones, and most of the 
Southern Hemisphere's temperate 
zone is ocean. Also, global-dimate re
searchers need to monitor climate 
.change in such places as the tropics, 
where trees don't put down neat, an

. nual ritigs: 
It seems that researchers face an 

exciting prospect of breaking out of 
their geographical limitations and 
looking at something close to global 
climate on these intermediate lime 
scales, according to Malcom K. 
Hughes. lie made this comment in an 
address before last year's meeting of 
the Geological Society of America, 
when they held their lOOth annual 
meeting in Phoenix, Arizona. The 
prospect is integrating what IS knoW:O 
from the tree- ring record wtth what ts 
known from other datable biological 
and geological records," he said. 

Hughes is director of the Univer
sity of Arizona l.aboratoty of Tree
Rio.,. Research, the world's largest and 
fore"most centre of tree-ring collection 
and study. The laboratoty was the first 
of its kind when established 50 years 
ago at Arizona by Andrew E . 
Douglass, the father of a now interna
tional science called dendrochronol
ogy. ("Dendro-" from the Greek word 
for "tree" and "chronology'' meaning 
the study of time.) UA tree-ring scien
tists have constmcted more than 8,000- · 
year continuous chronology for trees 
in western North America. 

''We're already talking about not 
just patching together a data base of the 
climate record over the last few 
hundred or thousand years, but actually 
develOping a framework of ideas within · 
which to put all the different records 
together," Hughes stated. He· envisions 
collaboration between tree-ring re
searchers, ice core scientists, expert in
tetpreters of annually layered coral 
reefs or deep ocean sediments, and 
others. For areas where the tree- ring 
record is poor, the ice core record can 
be good. 1llis is the case not only _at the 
polar ice caps, but, for example, 111 the 
glacier -bearing Andes Mountains for 
SOuth An1erica or in the glaciated ran
ges of Tibet. For the ocean~overed 
tropics, changes in climate are recorded 
in layers of floor sediment or coral. 

By piecing all the records together, 
collaborating scientists could develop 
global maps that show climate change 
season by season, year by year, over a 
long period of time, Hughes said. "';e 
don't know just exactly how were 
going to play that game at this poi~t; 
we have to be careful not to get 111-

volved in a circular patching of some 
dates to fit other ones, and then draw
ing conclusions.'' he added. "But the 
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prospect is exciting." 
Just as UA tree-ring laboratory 

scientists Charles Stockton has drawn 
a picture of periodic large-scale 
drought in North America, or as UA 
dendrochronologist Harold Fritts has 
mapped North American climate 
change back to the 1600s, global scien
tists would be able to study the effects 
of El Nino, the southern oscillation. 
We could note how volcanic eruptions 
affect climate, and the consequences of 
increased atmospheric carbon dioxide. 

"In each case, what we're focusing 
on is an exploration of past climate tar
geted on the mechanisms that might 
be changing that climate," Hughes 
said. And on time scales important in 
human terms. 

A Breakthrough in 
Spinal Cord Research 
A team of researchers at the Case 
Western Reserve University School of 
Medicine has made a major 
breakthrough in spinal cord research; 
for the first time they induced func
tional nerve regeneration into the 
spinal cords of mammals with a 
paralyzing sensory injury. Results from 
their studies suggest that similar 
strategies eventually could be used to 

repair damaged nerve pathways in 
paralyzed humans. 

Jerry Silver, Ph.D., associate 
professor of Developmental Genetics 
and Anatomy, presented the results of 
the research before the annual meet
ing of the Society for Neuroscience 
when it was held in New Orleans last 
November. The procedure, which has 
induced nerve regeneration and res
tored sensory sensation to the toes in 
several laboratory rats, was developed 
by Dr. Silver and several colleagues. 

The rats' sensory roots, near the 
entrance point to the spinal cord, were 
damaged surgically under anaesthesia. 
In a second surgical procedure, a spe
cially designed polymer bridge coated 
with fetal neural cells was implanted 
into the spinal cord. In seven rats, 
nerve regeneration occurred and sen
sation was restored to the paralyzed 
limbs after about 10 days. The type of 
fetal neural cells used (a form of 
astrocytes) are the only cells that in
hibit scar formation and provide the 
highway over which nerve fibres can 
regenerate. 'The manner in which we 
injure the rats' sensory roots is 
analogous to the way a ruptured disc in 
humans can crush peripheral nerves as 
they enter the spinal cord," Dr. Silver 
said. "It can cause permanent sensory 

THE NEW 65/9028 VT 
ANSI VIDEO TERMINAL BOARD! 

* FROM LINGER ENTERPRISES * 
A second generation, low cost, high performance, mini 
sized, single board for making your own RS232 Video 
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paralysis in the limb, an absence of 
withdrawal reflexes, and difficulty 
moving the limb because of lack of 
sensory feedback." 

The researchers chose the model 
because it is simple and has striking 
behavioral deficits that can be 
monitored and quantitated. ''While an 
injury of this type is not as serious as 
quadraplegia, it is part of the same 
problem - the failure of nerve fibres 
to regenerate," he stated. 

Not only have the researchers seen 
improvement in behavioral deficits, 
but also evidence of anatomical res
toration. 'The exact relationship of the 
incoming fibres with the cellular por
tion of a number of unique synoptic 
terminal malformations in a sub
population of fibres that took unusual 
routes have convinced us that the 
fibres in the cord are truly 
regenerated." Dr. Silver said. 

What next? The researchers plan 
to devise more reliable surgical techni
ques because placement of the tiny 
bridge is crucial. Another step is to un
derstand better why this procedure 
works on a cellular and gross level. 
''We need to know if time is crucial," 
he said. "Can the astroglia remove a 
chronic scar? After that we can try this 
procedure on primates." • 

• PROTOTYPING 
• EXPERIMENTING 
• SMT TRAINING 
• TEACHING 
• REPAIRING 

Design now with affordable state-of-the-art surface mount 
chip components. Lowest price, most complete chip resistor 
and chip capacitor kits available on the market. 

Chip resistor kit CR-1 0 contains: 
1540 resistors composed of 10 resistors of every 5% values 
from 10 ohms to 10M ohms (145 values + jumpers), plus a 
bonus of 10 additional resistors in 10, 100, lk, lOK, lOOK, 1M, 
10M and Oohm jumpers. 

Chip capacitor kit CC-1 0 contains: 
365 capacitors composed of 5 chip capacitors of every 10% 
values from 1 pF to .33uF ( 67 values), plus a bonus of 5 addi
tional capacitors in lpF, lOpF, lOOpF, lnF, lOnF and .luF. 

In stock for immediate delivery. Limited time introductory 
special of $89.95 post-paid for each kit. Order by phone or 
mail VISA, money order or certified cheque. 
Ontario residents add 8% sales tax. 

INL Y SYSTEMS INTERNATIONAL LTD. 
1090 Cumming; Avenue, Gloucester, Ontario, K1J 7S2 
613-744-8307 
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The multimeter becomes a miniature 
testbench with the new 80 series. 

Bill MARKWICK 

Five years ago, the John Fluke com
pany introduced the 70-series of 
handheld digital multimeters. They 
were the DMM rethought, featuring 
a rotary switch instead of baffling 

pushbuttons, an analog bargraph that 
let you watch the behaviour of rapidly 
changing voltages, autoranging and 

drop-proof construction. Options in
cluded a hold function for taking readings 
in awkward places. 

The new SO-series tops them. The 
three models, the 83, 85 and 87, have the 
same basic look and rugged holster, but ad
vances in single-chip design and manufac
turing mean that they're literally stuffed with 
features. These advanced features mean 
that they're not only convenient around the 
testbench, but lend themselves to working 
with the ever-increasing complexity of 
today's electronic equipment. 

Basics 
All three models have a 4 1!2 digit LCD 
with the analog bargraph along the bottom, 
and all functions have autoranging with a 
manual override. Display update time is 
4/sec, with 40/sec for the analog bargraph. 
AC volts can be measured from O.lm V to 
lOOOV, DC volts from lm V to lCX:XlV, DC 
millivolts from O.lm V to 400m V, and ohms 
from 0.1 to 40M. The inverse of the reSis
tance function is conductivity, measured in 
Siemens from O.OlnS to 40nS; this lets you 
measure such difficult things as diode or 
insulation leakage. 

An unusual feature for a DMM is the 
capacitance range. It directly tests 
capacitors from O.OlnF to 5uF; larger 
capacitors can be measured by timing how 
long they take to charge fully. 

The usual . diode tester, with a 3-volt 
range, can handle up to five silicon diodes in 
series. The beeper can be switched on or 
off. 

The AC/DC current range can hand
le readings from O.luA to 10 amps, 20 
amps if the test is brief. 

Even more unusual than the 
capacitance meter is the addition of a fre
quency counter. It can measure from 
05Hz to full scale, and can also display the 
duty cycle ("on" time) in percent. Basic 
accuracy is 0.005% with an update time of 
3/sec for signals higher than 5Hz. The cur
rent range can also be used to trigger the 
frequency counter. 

The Rel key is used to make relative 
measurements above or below some par
ticular signal level. The test leads are con
nected in the desired mode, and the Rel 
button pushed; the meter display will now 
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zero and the bargraph centre itself (with a 
xlO increase in sensitivity). If the input 
changes, the meter now displays the dif
ference reading, a feature invaluable for 
peaking or nulling a circuit. 

The last setting, but certainly not the 
last feature, is the Min/Max pushbutton. 
This lets you record minimum, maximum 
and average readings for up to 36 hours; 
the new values are automatically updated 
whenever the input changes. Pushing the 
Min/Max button cycles the display 
through the three stored readings. 

Model83 
The Model 83 contains all the features 
described above, and costs $291 with the 
yellow holster and test leads. It has an AC 
bandwidth of 5kHz and a basic DC ac
curacyof03%. 

Model85 
In addition to the Model 83 features, the 
Model 85 adds 0.1% basic accuracy and 
an AC bandwidth of 20kHz It costs $337 
with the holster and leads. 

Model87 
To all the above, the Model87 adds a high 
resolution mode, lrns Min/Max recording 
response, a backlit display, and true RMS 
detection (see below). It costs $398 with 
the holster and leads. 

Switching On 
If you've used the 70-series models, you'll 
notice on powering up that the 80s com
plete the self-check much faster, have 
quicker response on the continuity test 
and update readings much faster. The 
holster has a remarkable tilt stand on the 
back; it's .fleXIble, and you can bend it into 
a hook if you want to hang the meter on a 
piece of equipment. 

The meter has a particularly useful 
feature called Input Alert. If the test 
probes are connected to the current jacks 
and the switched moved to any other 
range but current, the beeper emits quick 
pulses. Anyone who has tried to measure 
volts with the leads in the current jacks will 
remember the sparks and can testify to the 
usefulness of this one. 

Another interesting point is that 
various modes can be selected by holding 
down certain pushbuttons as the meter 
boots up. For instance, holding the blue 
Shift button and switching on will disable 
the automatic power-down if you need to 
watch readings continuously; otherwise it 
shuts down in 30 minutes if a switch hasn't 
been operated (except in the recording 
modes). Another option is the Min/Max 
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high-accuracy mode, in which the sam
pling time is extended to one second. If 
you need super-high impedance on the 
DC m V range, you can boost it to 4000 
megohms. Another extends the reading by 
one digit; in the normal mode, a 9V bat
tery read 9.36, and in the extended mode 
read 9.365 (Model 87 only). There's 
another intriguing option briefly men
tioned in the manual: the meter can be 
powered up so that the beeper is con
verted to a 16kHz ultrasonic transmitter, 
sending all displayed information at 
800bps. While this function is for the use 
of F1uke service personne~ it's interesting 
to speculate whether it might be possible 
for the user to transmit meter data this 
way for remote measurements. 

Power for the meter is from a 9V 
alkaline battery, which gives a typical life 
of .500 hours. The low-battery indication 
leaves you with about 8 hours remaining, 
enough to continue testing before having 
to change the battery. There is no AC 
adapter jack. 

TrueRMS 
The Model 87 features true RMS detec
tion of AC voltages, RMS being the value 
of the AC waveform that gives the heating 
power, or DC equivalent. Both mechani
cal meters and rectifier DMMs read the 
average value of the input waveform, stor
ing the variations either through mechani
cal inertia or capacitor charge. Since sine 
waves are generally used for AC work, the 
meter display markings or digits are 
calibrated to convert the average to RMS. 
In most cases this is acceptable; lOV AC is 
equivalent in terms of power to lOV DC. 

However, if the waveform is 
nonsinusoi~ such as a square 
wave or a pulse train from a triac 
or a very distorted audio ~ 
the relationship doesn't hold, and 
the average-reading meter will be 
in error. If you have to know the 
proper value of these waveforms, 
something you'd need in R&D, 
for example, RMS detection is in
valuable. I've often noticed on true 
RMS meters that the AC 
response may be slowed by the 
conversion circuitry, which is 
usually a thermistor or a log/an
tilog circuit, but the Model87 is as 
fast as you'll need. If you do any 
sort of work involving non
sinusoidal waveforms, true RMS is 
for you (a 120V lamp dimmer 
produces curved spikes into a 100 
ohm resistive load-how much 

power is being dissipated? Nothing to it 
with the Model87). 

They've Done It Again 
The price range of the 80 series puts it 
above the 70 series; Fluke has now 
covered everything from the basic DMM 
to what amounts to a handheld testbench 
(will the next series include a small oscillo
scope?). The quality of manufacture and 
design is second to none, and there are 
quiet features that may be overshadowed 
by the gee-whiz aspect; for instance, the 
buttons, jacks and display are splash and 
dust proof, and the construction of the 
meter gives it a high degree of safety 
(similar to the 20 series industrial models) 
if you work with hazardous voltages. 

At one time, measurements such as 
frequency and capacitance were considered 
to be fairly specialized, and were well taken 
care of by dedicated (and large) pieces of 
test equipment. With today's consumer and 
industrial equipment containing ever more 
complex circuitry, the technician needs 
more test functions in the field, and a more 
convenient approach to them on the bench. 
I mention this because many designers lean 
toward "feature overload"; once you have a 
microchip in the box, you have to find lots of 
things for it to do to impress the buyer. The 
80 series doesn't fall in this category. Every 
feature appears to be well thought out and 
implemented 

No doubt the 80 series will do for top
of-the-line handhelds what the 70 series did 
for the basic DMM. F1uke instruments are 
,available from distnbutors across Canada; 
'for further information, contact F1uke 
Electronics Canada, ( 416) &X>-7600. • 
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It pays to play it safe. 

OR. H. VIRANI 

Industlialmachines of tlzis type can function safely and efficiently Ozrough programmable 
controllers. 
14 

I 
rogrammable controllers (PC) are 
so easy to program and use that 
safety aspects, which would never 
be overlooked in a hardware con
trol system, are sometimes never 

addressed. This article outlines some 
methods of increasing the safety of 
programmable controllers, controlled 

machines, programming techniques, 
physical installation practices, software 
diagnostics, maintenance considerations, 
and human factors that can help reduce 
the possibility of errors. 

Economics of Safety 
There are many reasons for being aware 
of safety in PC based control systems - but 
people have to be on the top of the list! 

Preventing even one injury, or worse 
yet, a death, should satisfy even the most 
hard hearted that the small extra invest
ment is justified. Also, the cost of 
damaged or spoiled products, due to a 
machine error far outweighs the cost of 
thinking ahead and preventing at least the 
obvious errors. Lastly, preventing damage 
to the machine being controlled by stop
ping dangerous motions before they cause 
problems will provide more up-time and a 
lower cost per unit for manufacture. Thus, 
better safety not only prevents injuries to 
people, it helps the entire system operate 
more efficiently. 

The cause of unsafe control systems 
and machines are as varied as the machines 
themselves. But one of the major con
tnbutors is the ease with which a modern 
PC can be programmed. When PC 
manufacturers make it easy for designers to 
enter logic into the machine, they also make 
it easy to enter mistakes. It doesn't take 
much thought and effort to get the system 
up and running, and this simplicity tends to 
make the designer overlook things he would 
normally consider. 

The ease of programming brings up 
another problem - that of unauthorized 
personp.el making changes to programs. 
Many maintenance personnel and 
operators are allowed access to a PC; while 
they possess excellent job skills in their field, 
many lack the knowledge to program a PC 
safely. Even persons who do know how to 
program a PC may not know the procedure 
followed in your plant, and may make 
program changes that function properly but 
lack safety considerations. In some plants, 
Prom or Eprom memory for program 
storage might be the only protection against 
unauthorized tampering. Consider such a 
feature when deciding which PC to use for 
a particular application. 
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Dealing With Outputs If this is not available, energize an in-
The primary techniques for increasing temal output with the "off' limit switch 
safety lie in the coding of the program it- input, and then use that output as the limit 
self. One of the most abused is the latched switch in the program. In very sensitive 
output i.e. an output that stays on once it is areas, where safety is of extreme impor-
been activated. Latches are great for stor- tance and both positions of the cylinder are 
ing error codes, but problems arise when potentially unsafe, wire both the NO and 
these. latched coils are used to control the NC contracts to two separate inputs. 
"real-world" outputs. This is because con- When using these inputs, insure that · 
ditions which make a particular output both are in their correct state before allow-
necessary during a machine cycle can ing the machine to proceed Examine all the 
change while the power is off. The latched outputs carefully with regard to the PCs 
output, however, will still be on regardless '1ast state" function; that is, what does the 
of the input conditions, possibly causing a PCs I/0 rack do to the output signals if fault 
serious or dangerous machine motion to occurs? Turn them off? Maintain the last 
occur immediately upon power-up. All output state? In the case of a CPU fault or 
outputs that cause any machine move- power surge, not all outputs are safe when 
ments should be programmed with non- turned off. A pump maintaining hydraulic 
retentive outputs. If it is necessary to hold pressure, for example might be safer left on 
them up, use a hold circuit and seal in con- rather than turned off. If the PC doesn't 
tacts just as you would with relays. maintain the last state, consider the use of 

on for safe operation, use some sort of 
feedback to make sure. This can be as 
simple as an auxiliary contact on the motor 
starter. Belt motion can be sensed by a 
tachometer. A running motor can be 
sensed by current sensors in the lamp or 
led circuit to monitor the light. 

·Installation Aspects 
When grounding control elements, read 
and follow the manufacturer's recommen
dations. Make sure all parts of the PC, the 
power supplies and the cabinets are 
grounded with heavy gauge copper wire. 
Use the necessary power conditioning on 
all ac lines and install transient protectors 
across motors, solenoids and other induc
tive components that are switched by 
"hard" contacts. Noise on the ac lines can 
cause spikes on the power supply, and 
spikes on the power lines can cause inter-
mittent errors in the logic. And logic erMost PCs provide I/0 cards with iso- ''Rack Fault" switches. Here, a separate 

lated inputs and outputs. r-----------------------------, rors can cause the 
machine to destroy parts, 

Fig.1 If you are controlling 
motor starters in a remote 
motor control centre, use 
isolated 120 volts outputs. 
You can never tell what 

Input data word: 11 0 0 11 0 0 111 0 0 111 
XOR with all1s: 11111111 11111111 

phase is going to be used 
at the remote area, or 
where the power is going 
to come from. It pays to play it safe. Also, if 
the remote motor control centres have 
ground fault interrupt (GFl) protection 
(and they should), consider monitoring the 
state of the ground fault interrupt device in 
the main control program. When interfac
ing your system to. a remote machine, use 
isolated I/0 to prevent ground loops, com
mon mode voltages, shocks, and other 
electrical problems. Use reed-relay contact 
outputs and isolated inputs, and make all 
interface wiring yellow or some other dis-

. tinctive color for easy identification. 
To decide how to specify limit switch 

wiring, remember that they are not all 
necessarily normally open (NO) devices. 
Use NO or NC (normally closed) switches 
for the greatest safety. For example, if the 
limit switches are on a hydraulic cylinder, 
decide which switch covers the most unsafe 
position, and make that switch normally 
closed. The most common failures are 
either a broken wire or an unmade contact, 
so if the wire or switch fails, the PC will 
sense an unsafe condition. If you wish to 
have all your inputs consistent within the 
program, simply invert the sense before 
using them. In a PC with an Exclusive OR 
data function, a complete word of such in
puts can be inverted by Exclusive ORing 
with all ones (Fig.1). 
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smaller rack is used for outputs that need to 
stay in their last state during a fault. In any 
case, don't just blindly assign everything to 
shut off after a failure. 

Don't Trust the Hardware 
When controlling anything that can do 
harm to the product, to the machine, or to 
a person, don't control that motion with a 
timer. Mechanical parts can slow down or 
speed up, but timers don't re- adjust to 
keep up. Also don't assume that a motion 
occurred because you sent an output to 
cause it. Use a limit switch input to verify 
that the movement did in fact happen. 

If photocells or proximity sensors are 
used, make them failsafe, just like the limit 
switches. Photo electric sensors should be 
designed into the machine so that the 
dangerous condition breaks the beam. If the 
bulb burns out, the unsafe condition will be 
indicated. When you are unable to arrange 
this, write the program to check the photo 
cell when it is illuminated, at least once 
every cycle. In very sensitive situations, use a 
current sensor in the lamp or LED circuit 
to monitor the light. Proximity sensors, 
likewise, should provide an off signal when 
the unsafe condition is present. These, too 
can be checked during another part of the 
cycle to verify proper operation. 

If a conveyor belt or pump must be 

waste products, and even 
kill or maim personnel 

Don't let the "magic" 
of the PC make you forget 
that some things must be 
hard wired. For example, 
all emergency off ac-

tuators and circuits need to hard wired. 
Make sure that when power is cycled off 
and on the control relay doesn't pick up by 
itself. Wire your circuit, so that a manual 
reset is required before power returns to 
the machine. 

Diagnostics for Safety 
Most PCs use an internal "watchdog timer" 
for monitoring internal functions, and they 
belong in your program also. Overall cycle 
time of the machine can be monitored with 
a timer preset for about 120% of the nor
mal time. Reset the timer once each cycle, 
and if the time is ever out, it will indicate 
something is wrong (hopefully before an 
accident occurs). Many machine motions 
can be monitored with one timer set up as 
a master clock. As each motion finishes, 
compare the time with a stored valve, and 
set off an alarm if the time exceeds the 
norm. A 10% to 50% leeway should be al
lowed, depending on the safety impact of 
each motion to prevent nuisance alarms. 

Data comparison is very powerful 
diagnostic tool For example, inputs can 
be examined during a portion of the 
machine cycle when conditions are known 
and static. This method lets many sensors 
malfunctions be detected before they 
cause trouble. Discrete I/0 points can be 
checked one at a time, or whole input 
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Safety First For Industrial PC Use 

words can be checked For this to be really 
efficient, inputs can be grouped on the I/0 
modules during the design stages. 

Maintenance Considerations 
Many PCs allow "forcing" inputs and out
puts (that is, an input or an output can be 
turned on or off manually, regardless of 
process conditions). Forcing I/0 is often 
done during maintenance or troublesh?o~
ing to simulate inputs or to bypass certam 
portions of a program. Usually, forcing is 
allowed only in one section of the I/0 rack 
at a time. 

Using Extreme Caution 
With Such Features 
Forcing I/0 in one section can cause out
puts previously forced off in another sec
tion to come on at once, with disastrous 
results. Again, by anticipating for safety, 
you can group all related I/0 in one sec
tion to allow future forcing without caus
ing unexpected results. In a conveyor sys
tem, all stops could be wired to the same 
input group; this allows forcing the I/0 to 
manually run a load through the system 
during troubleshooting. Other problems 
occur when you alter a program while the 
machine is running. 

Even changing the preset of a timer at 
the wrong time can cause unexpected ac
tions to occur. On-line programming is 
especially dangerous. Use the CPU key 
lock provided by the manufacturer or in
stall your own to prevent indiscriminate 
on-line program changes by maintenance 
personnel. PROM program storage will 
be the best answer to the problem. 

Keep the maintenance function in 
mind during all your design plan. Give tech
nicians overrides for watchdog timers and 
safety circuits where necessary- if you don't, 
those safety circuits may mysteriously disap
pear from the program. Maintenance over
rides, while necessary, can be misused. 

Consider Operator Needs 
Estimates are that 40% to 50% of the 
reliability of a system is attributable to its 
operators. Thus, it pays to consider them 
during the design. Get input from the 
people who will operate the machine on 
matters such as placement of alarms and 
indicators. The operator must be able to 
understand the controls and react to 
alarms in a manner and time frame suffi
cient to prevent accidents. If operators 
help design the console, they will be able to 
run it better. 

Remain consistent with terms and ab
breviations throughout the machine and 
within the organizatioiL Colors should have 

the same meaning everywhere and emer
gency conditions should always be shown in 
the same manner. Emergency stops must 
either always turn on, or always turn off the 
stop lights - not some on and others off. 
Alarms should indicate severity by place
ment, color, and even sound, if applicable. 

Minimize False Or 
Meaningless Alarms 
Lights that are almost always on are often 
ignored in an emergency. Provide a means 
to _override any noncritical alarms during 
maintenance activities to give more impor
tance to serious alarms. In· any case, don't 
allow any inactive alarm indicators to 
remain OIL For maximum effectiveness, 
every alarm the operator sees should be 

·real Set the trip levels at reasonable levels 
to minimize unnecessary activation. If 
necessary, consider providing two alarms 
levels - yellow and red, for example. Re
quiring a reset button to be pushed twice 
in the event of a serious fault can prevent 
accidental machine restarts that could 
have disastrous results. 

If your console has some type of 
machine parameter display, use a logical ar
rangement so that relationship to the 
machine is obvious. Where many conditions 
must be displayed at the same time, use 
methods to assist the operator in under
standing them Wherever poSSible, let the 
PC, not the operator, verify that necessary 
actions have taken place. For instance, if the 
operator requests a pump to start, program 
the PC to check after a reasonable delay to 
verify the starting and alert the operator 
only in case of a malfunctioiL If you can 
reduce the operator workload by extending 
this concept to all important movements, 
you can allow him or to go about their job 
more efficiently and safely. 

Safety After Start Up 
Most systems using programmable con
trollers have a surplus of memory available 
after the machine control program has 
been written and debugged. Many times 
extra memory is included just because " we 
might need it". Use some of this memory to 
provide diagnostic and safety features to 
enhance the rest of your safety-oriented 
design. 

Guard against adding so much 
protective gadgetry that the original func
tion of the machine is encumbered. Safety 
functions must complement, not get in the 
way of the real purpose of the machine. 
Those that do get in the way will eventually 
be removed, leaving a machine with no 
protection for itself, or the people and 
products around it. • 
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Added protection for your home. 
Senses ultrasonic sounds generated by broken glass. 

s most readers will be fully aware, 
the human senses are not without 
their limitations. In particular, the 
eye only responds to a very small 
part of the range of frequencies 
generally accepted as being 
forms of light, and the ear can 
detect sound waves over a rela-

tively small range of frequencies. Although 
you cannot see infra-red or hear ultrasonic 
sounds, they are both present as part of 
our natural surroundings. 

Electronics seems to be increasingly 
involved with these unseen and unheard 
parts of the electromagnetic and sound 
spectrums. They find use in such things as 
remote control systems, automatic light 
switches, and intruder alarms. 

Ultrasonics 
The unit featured here is a form of in
truder alarm, and it makes use of 
ultrasonic sound. However, it is not of the 
usual ''Doppler Shift'' movement detector 
or broken beam varieties. It is designed to 
pick up the ultrasonic sound waves 
produced when an intruder tries to break 
into premises by breaking a window. 

On the face of it, the use of 
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ultrasonics in this application is unneces
sary, since breaking glass produces strong 
sound waves in audio spectrum, and a 
normal sound activated switch should do 
the job equally well. In fact there would 
seem to be advantages to an ordinary 
sound switch in that it would probably 
give greater range and a less restricted 
angle of ''view''. Ultrasonic sound waves 
tend to be highly directional, and to be 
more readily absorbed by air than audio 
frequency sounds. 

There are in fact advantages in using 
an ultrasonic system. With most types of 
burglar alarm, there is no real difficulty in 
obtaining good sensitivity. The main dif
ficulty is in avoiding false alarms. 

False Triggering 
A unit which responds only to ultrasonic 
sound is likely to be less prone to false 
alarms as there are fewer sources of strong 
ultrasonic sounds in most environments. 
The directivity of ultrasonic systems is 
helpful in cutting out possible causes of 
spurious triggering. 

The same is true of the high absorp
tion of high frequency sound waves in air. 
The chances of loud but distant sounds 

activating the unit are quite remote. For 
example, something like a low flying 
aircraft would be quite likely to activate 
an ordinary sound triggered switch, but 
would be very unlikely to trigger an 
ultrasonic type. 

An aircraft probably produces some 
ultrasonic sound, but very little of what is 
produced is likely to reach the ground. 
The same is also true of thunder, with its 
predominantly low frequency content. 
Another advantage of ultrasonics is that, 
unlike low frequency sounds, they are lar
gely blocked by windows and walls. 

Alarms of this type are not totally im
mune to false alarms, but they are 
generally accepted as being less prone to 
problems in this respect than many other 
types of alarm. The most likely cause of a 
false alarm is when strong audio sound 
waves vibrate something in the vicinity of 
the alarm and cause it to produce 
ultrasonic sound waves. 

Apparently it is important that all the 
broken glass should be removed when a 
smashed window is repaired, including 
any tiny chips, as these can be stimulated 
into producing ultrasonic sound waves by 
strong audio frequency sounds. Breaking 
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Breaking Glass Alann 

glass alarms have been known to operate 
when a window in another building some 
distance. away has been broken. This is al
most certainly due to this phenomena of 
audio to ultrasonic conversion, rather 
than direct pick up of the ultrasonic 
sound over a long distance. 

As described here the alarm is a self 
contained battery powered unit having a 
built-in two tone alarm generator circuit. 
It is intended to act as a simply stand
alone burglar deterrent, but the unit 
could probably be incorporated into a 
comprehensive alarm system without too 
much difficulty by someone with a 
reasonable knowledge of electronics. 

System Operation 
The block diagram of the overall make-up 
of the Breaking Glass Alarm is shown in 
Fig. 1, and helps to explain the way in 
which it functions. Ordinary microphones 
are very inefficient at ultrasonic frequen
cies, and so an ultrasonic transducer (of the 
type designed for remote control applica
tions etc.) is used at the input of the unit. 

Although ultrasonic transducers 
have a sharp peak of sensitivity centred 
on a certain frequency (usually 40kHz), 
they offer quite good sensitivity over a 
much wider frequency range. I tried out 
several different types of transducer, in
cluding 25kHz, 32kHz, and standard 
40kHz components, but it was a 40kHz 
transducer that gave the best results. 

The output level from the transducer 
is not likely to be very high, and so this 
signal is boosted by a high gain amplifier. 
The next stage is an active high-pass filter 
which severely attenuates any audio fre
quency signals produced by the 
transducer. 

The sensitivity of an ultrasonic 
transducer is very low indeed over most 
of the audio frequency range, but a sig
nificant output signal can be produced 
over the upper part of the audio 
spectrum. This filter greatly reduces the 
risk of audio frequency signals spuriously 
activating the alarm. The filter is followed 
by a second high gain amplifier stage. 

This gives quite a strong output sig
nal when breaking glass is detected The 
function of the rest of the circuit is to con
vert the strong ultrasonic sounds into a 
switching action that operates an alarm 
generator circuit, and keeps it switched 
on indefinitely. 

The latching action is provided by a 
bistable circuit that is driven from the out
put of the amplifier via an inverter/buffer 
stage. An electronic switch is driven from 
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Fig. 1 Block diagram of the Broken Glass Alann system. 

the output of the bistable, and at switch
on the bistable is provided with a "reset" 
pulse that places its output low and turns 
off the switch. 

Normally the output voltage from the 
amplifier is too high to "set" the bistable, 
but when an ultrasonic sound is detected 
the bistable is "set" on the first negative 
half cycle, at the output of the amplifier. 
Once "set" the bistable remains in this 
state until it is manually "reset". 

The alarm generator is controlled by 
the electronic switch, and it is therefore 
activated when the switch is tuined on. 
The alarm is a form of two-tone type, 
where the pitch of the audio frequency 
oscillator is swept up and down between 
two pitches by a low frequency oscillator. 
This gives a sort of warbling sound that is 
quite penetrating and effective as an 
alarm sound 

Circuit Operation 
The full circuit diagram for the Breaking 
Glass Alarm appears in Fig. 2. 

MIC. 1 is the ultrasonic transducer 
and the first amplifier is a common emit
ter type built around transistor TRl. This 
stage runs at a fairly low collector current 
of well under 1 milliamp, but it still 
provides a high level of gain over the 
ultrasonic range of about 20kHz to 
80kHz. Transistor TR2 is an emitter fol
lower buffer stage, and this is needed in 
order to give a low output impedance to 
drive the next stage. 

This is conventional active high-pass 
filter having transistor TR3 as the buffer 
stage. The filter is a "four-pole" (24dB 
per octave) type having a cutoff frequency 
of slightly over 20kHz The output of the 
filter is coupled by capacitor C6 to the 
input of the second amplifier stage, which 

is another common emitter type. 
Preset control VR1 enables the 

quiescent output voltage of the amplifier 
to be adjusted. This permits the output 
voltage to be set high enough to ensure 
that the unit is not simply activated at 
switch-on, but low enough to give good 
sensitivity. 

The inverter/buffer stages uses a 
CMOS quad 2-input NOR gate, ICla, 
wired as a simple inverter, and two of the 
other gates of IC1 are cross-coupled so 
that they act as a basic bistable circuit. 
Capacitor C7 and resistor Rll provide 
the positive reset pulse to the bistable at 
switch-on. One gate of IC1 is left unused, 
and its inputs are tied to the positive 
supply rail to protect them against static 
damage. 

The electronic switch has the com
mon emitter stage based on transistor 
TR6 driving a second common emitter 
switch (TR5). This combination gives very 
high gain, and can easily handle the fairly 
high output currents involved when the 
alarm is activated. 

Alann Generator 
Both the oscillators in the alarm generator 
are standard 555 astable circuit. IC2 
provides the low frequency modulation 
while IC3 operates as the tone generator. 
The modulation is applied to pin 5 of IC3, 
and it has the effect of varying the charge 
and discharge thresholds of IC3. This gives 
frequency modulation, and with capacitor 
C9 omitted the operating frequency ofiC3 
is simply switched between two frequencies. 
Capacitor C9, in conjunction with resistor 
R14, provides lowpass filtering that 
produces a smoother transition from one 
frequency to the other, and a somewhat 
more effective alarm signal. 
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The basic frequency of the alarm is 
easily changed if desired, and it is inverse
ly proportional to the value of capacitor 
C10. Similarly the modulation frequency 
is inversely proportional to the value of 
capacitor C8. 

The modulation depth is controlled 
by resistor R14 (lower values giving 
greater modulation), while the values of 
both R14 and capacitor C9 control the 
smoothness of the modulation. By making 
changes to the values of these com
ponents a considerable repertoire of 
alarm sounds is available. 

Output currents of well over 100 mil
liamps are available from a standard 555 
timer, and using an eight ohm 
loudspeaker quite high volume levels are 
achieved. The unit is certainly adequate in 
this respect for a simple burglar deterrent 
for use indoors. 

A load impedance as low as eight 
ohms can tend to "pull" a 555 oscillator 
off its natural operating frequency, but a 
good alarm sound should still be obtained 
even if this should happen. A higher im
pedance loudspeaker can be used, but 
these seem to give significantly lower 
volume levels. The use of an "improved" 
version of the 555 for IC3 is not recom
mended, as many of these devices are low 

power types which have much lower max
imum output currents than the standard 
device. 

Burglar alarms often incorporate a 
timer that automatically shuts off the 
alarm a few minutes after it has been ac
tivated, so as to prevent the alarm from 
causing a public nuisance. This feature 
has not been incorporated in the present 
design, and it would be of limited value in 
a low power unit for indoor use. 

S1 is the on/off switch, and the alarm 
is reset by switching off, waiting a second 
or so, and then switching on again. It is 
advisable to use a key-switch for S1 so 
that there is no quick and easy way for an 
intruder to silence the alarm once it has 
been activated. 

The stand-by-current consumption 
of the unit is only about 1 milliamp. This is 
low enough to permit economic battery 
operation, and six good quality size cells 
fitted in a plastic holder are sufficient to 
power the unit for well over 2000 hours of 
operation, which equates to around 3 to 4 
months of continuous operation. Assum
ing the unit is used intermittently, the bat
teries will have something not far short in 
their "shelf' life. 

Note that once the unit is activated 
the current consumption increases to 

something in the region of 80 to 90 mil
liamps. A fairly high capacity battery must 
be used in order to allow this fairly high 
current drain to be met, as well as to give 
good battery life. 

Construction 
The printed circuit board accommodates 
all the components apart from the 
loudspeaker, battery on/off switch and 
microphone. The component layout and 
full size copper foil master pattern is 
shown in Fig. 3. 

Construction of the board presents 
little that is out of the ordinary, but bear 
in mind that IC1 is a CMOS device and 
that it consequently requires the usual an
tistatic handling precautions. Also, do not 
overlook the single link-wire just to the 
right of resistor R19. Pins are fitted to the 
board at the points where connections to 
off-board components will be made. 

A plastic case having an aluminum 
front panel is used as the housing for the 
prototype, this has approximate outside 
dimensions of 161mm by 96mm, but a 
somewhat smaller case should be capable 
of accommodating everything. For any 
security application it is advisable to use a 
reasonably tough case, but in this applica
tion it is not essential to use something as 
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Breaking Glass Alann 

Fig. 3 Printed drr:uit board component layout and full size copper foil master pattern. 

LO)Iout of components on the circuit board. 

20 

hardy as a diecast aluminium or heary 
gauge steel type. 

Switch Sl is mounted on the right 
hand section of the front pane~ and the 
component used required a 20mm 
diameter mounting hole which was made 
with a chassis punch. This seems to be 
typical of the mounting requirements for 
key switches. The loudspeaker is 
mounted to the left of Sl, leaving space 
for the batteries to fit between these two 
components. 

A loudspeaker grille can be made by 
drilling a matrix of holes about 5mm in 
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·· .. R1,R1(l;Rl:( ... w·>··""''""'"""'10k(3) 

................. L •... , ..... ,; ............... 4M7 
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.. ::::::::::::::::::::::;;::::::::::::::::.:~1~~ 
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diameter. Be very careful with the 
positioning of the holes as it is a lot more 
difficult to make a really neat job of this 
than you would imagine. 

With miniature loudspeakers there is 
usually no obvious means of fixing them in 
place, and it is generally a matter of careful
ly gl~ them in place using a good quality 
adh~ve such a:' an epoxy type. Try to avoid 
smeanng adhestve onto the diaphragm. 

The situation is similar for the 
ultrasonic transducer (MIC. 1), which is 
mounted on the left hand end panel for 
the case, and which will almost certainly 
have to be glued in place. The unit will 
probably work quite well with any 40kHz 
ul~asonic transducer. To complete the 
urut th~. sm~ amount of point-to-point 
style wrrmg lS added. The connections to 
the battery holder are made via an ordi
nary PP3 type battery connector. 

Many ultrasonic transducers have one 
terminal connected to their metal case. 
With such transducers this terminal should 
be the one which connects to the negative 
supply rail. 

Testing and Use 
After giving the wiring a thorough final 
ch~ck, set preset .VR1 at a mid-setting and 
swttch-on the. urut. The alarm will probab
ly D;Ot be actlvated, but if it is, switch off 
agam and set VR1 fully clockwise. The 
~ sh<;>uld then fail to activate when the 
untt lS swttched on again. 

It is n?t necessary to smash glass to 
test the urut, and any ultrasonic sound in 
front ?f the transducer should activate it. 
Rubbmg your fingers together in front of 
the unit should be sufficient. 

By adjusting VR1 in an anticlockwise 
dir~ction it w?ll probably be possible to 
gam som~ ~ncrease in sensitivity. 
However, 1t lS probably best to adjust 
VR1 well off the point at which the alarm 
is triggered, as otherwise the unit may 
well be prone to spurious triggering. 

With the prototype there were no 
problems, with Vibration from the on/off 
sw!tch tending to trigger the unit at 
swttch-on. However, if this should prove 
to be problematical making the initial 
reset pulse longer by increasing the values 

fOR YOUR INfORMATION Continued from page 7 

World's First 14 Inch Colour LCD 
Sharp Corporation of 
Japan has developed the 
world's largest colour liq
uid crystal display (LCD) 
pane~ measuring 14-in
ches diagonally and just 
over one-inch thick. The 
super-thin active- matrix 
LCD incorporates 
308,160 pixel elements 
(or 1.2 million colour 
?ots). The colour display 
mcludes a specially 
designed active-matrix 
drive system whereby in
dividual pixels are 
divided into four active 
?ots, each controlled by 
1ts own amphorous 
silicon thin-film transistor 
(TFT). The LCD will be 
incorporated into office 
automation equipment 
and TV sets beginning 
late 1989. 

Circle No. 12 on Reader Service Card 
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of capacitor C7 and (or) resistor Rll 
should eliminate the problem. 

When deciding where to install the 
unit, bear in mind that the angle of ''view'' 
of the ~ansducers is fairly narrow. With a 
l';ll'ge wmdow, or several windows side-by
stde, C?verage will probably be better with 
the urut angled across the window rather 
than aimed perpendicular to it. 

During experiments, using two 
transducers connected in series with the 
nyo o.f them aimed in slightly' different 
~~ctions, .seemed to work quite well, 
~Vlllg a Wider acceptance angle. Op
timum reliability would probably be ob
tained with the transducer mounted on 
~e window, but this would be likely to 
gtve away the presence of the alarm. The 
sound of breaking glass should be 
detected reliably at a range of at least 
three metres. 

~void moun~g the unit very close to 
electnc fire~, refrigerators, mains wiring, 
and other likely sources of electrical im
pulses that could be picked up by t'he unit 
and cause false alarms. • 

Port Information Systems 
Office To Open 
The government has announced the 
establishment of the National Office 
Port Information Systems. The offic~ 
will serve as the focal point for federal
government activity in the develop
ment of port information systems. 
The computer-based electronic data 

in~er.change (EDI) systems will 
eliminat~ most of the paperwork in
volved m the process of shipping 
go?ds, and in doing so, improve the ef
fictency and competitiveness of major 
Canadtan transportation center. As 
local systems covering air, sea and 
overland transportation are put in 
place, the National Office will act to 
ensure they can communicate with one 
another. 

P.o~t. ~ormation systems develop
ment llllllatlves are being pursued in Van
couver, Montreal, Halifax and Windsor. A 
Vancouver-based company, CANSIF 
Canada Enterprises Inc., is receiving a 
total.of ~500,000 from the Dept. of Com
murucations and the Canada Dept. of 
Western Economic Development to assist 
in its initial development efforts. • 
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Diskless Computer 
Industrial Computer Source introduces its NODE-XTC and NODE
ATC Diskless Computer. The NODE series has a 75 Watt power supp
ly 110/220 V AC operation for international requirements. A 12 VDC 
and 24 VDC option is available. The NODE chassis incorporates a 6 
slot passive back-plane design and can be configured as an IBM 
PC/XT, PC/AT or a 386 PC/AT system. ICS offers a variety of plug-in 
CPU cards for use with the NODE. The B880 is a PC/XT plug-in CPU 
card designed to operate and function like a standard IBM PC/XT 
motherboard. The B286 is equivalent to a 10MHz 80286 AT mother
board and the B386 CPU card to the IBM PC/AT providing a 16MHz 
80386, up to 8Meg of 32-Bit RAM and optional 80387. 

The complete system is about the size of a shoebox, allowing instal
lation on the factory floor or inside NEMA inclosures. The NODE is 
designed for installation in factory environments , where use of floppy 
drives is ill-advised or where space is at a premium. 

Circle No. 13 on Reader Service Card 

Burr-Brown introduces the TM8500/8550 series of compact 
multifunction, microterminals for data entry and display. 
The terminals accept data manually and through automatic 
identification interfaces such as bar code wands and slot 
readers, laser scanners, and magnetic stripe readers. 

Keyboard function may be logically redefined (non
volatile) by the programmer, and the keycaps can be easily 
rearranged. Two banks of function key memories provide a 
total of 3240 character functions strings which may be 
stored in a terminal's non- volatile RAM. A built-in host 
communications port provides a jumper-selectable RS-232 
or RS-422 interface. Available in Canada exclusively from 
Allan Crawford Associates. 

Circle No. 14 on Reader Service Card 

S-VHS Editing VCR 
The introduction of the S-VHS format in 1987 made it 
feasible and economical to generate serious video produc
tions in the new 1/2" format. Panasonic has responded with 
a new S-VHS editor which produces even better results in 
the third generation copy. 

The AG - 7500A Editor makes use of the amorphous 
laminated head design for use in the M - II broadcast video 
format. These heads produce extremely thin layers of 
materials which are capable of writing and reading stronger
signals on tape, and also providing longer head life. Mat
sushita Electric of Canada Ltd. 

Circle No. 15 on Reader Service Card 
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Multimeter With Printer 
Hioki's new model multirange, multifunction unit with printer can be 
linked with others for multichannel recording of volts resistance cur
rent as well as temperature, RPM, KW, KV A, KV AR and illumination 
with optional accessories. Printing intervals range from 10 second to 1 
hr. An optional AC adaptor is available to preseve battery life. RCC 
Electronics Ltd. 

Circle No. 20 on Reader Service Card 

100MHz Delayed Sweep Oscilloscope 
The Phillips PM 3070 is a 100 MHz delayed sweep oscilloscope with 
full cursor measurement capabilities in both the time and amplitude 
axes. The PM 3070 is the most recent addition to the Phillips family of 
medium frequency analog oscilloscopes available from Fluke 
Electronics Canada, all of which are designed for ease-of-use with an 
autoset function for automatic display set-ups at the touch of one but
ton. 
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Power Line Disturbance Analyzer 
The Kuwano AP-904 Power Line Disturbance Analyzer has been 
upgraded to measure 750V AC, so surges on 600 lines can be effectively 
monitored. It also measures voltage sags, frequency, high voltage im
pulses and current surges. The AP-904 comes standard with an S-chan
ne! event recorder and alarm output terminals. DC voltages to 750V 
can also be monitored. When the input voltage level changes, the AP-
904 prints an alarm message, channel number, status of event and time 
and date of occurrence. RCC Electronics Ltd. 

Circle No. 21 on Reader Service Card 

Graphic Images Enhanced 
Commodore Business Machines Ltd. introduces the Amiga 2300 Gen
lock, a device which permits graphic images created with the Com
modore Amiga 2000 computer to be overlayed on video sources from 
laser disks, video cameras or tape, or other computers. The Genlock al
lows the user to add titles, captions and other graphic images to video 
production. 

The Amiga 2300 Genlock requires no external power suppply and 
fits into the Amiga 2000 video slot. It is designed for semi- professional 
users and hobbyists. 

Circle No. 23 on Reader Service Card 



NEW PRODUCTS 

Design Guide on Thennal Planes 
A new design guide on using low-profile thermal planes for cooling high 
power density PC boards has been released by Aavid Engineering. The 
brochure describes how design engineers, faced }vith a growing demand 
for greater PCB power densities in smaller housings, can resolve the 
heat/space dilemma by using thermal planes. Low profile thermal 
planes add as little as 0.020 in. to the thickness of the PCB. 

The brochures also provides information on the manufacturing 
technologies used in producing thermal planes, including metal stamp
ing, photo chemical etching, and CNC milling. It covers design options, 
guidelines, and the materials and finishes available. Represented in 
Canada by Avotronics Ltd. 

Circle No. 24 on Reader Service Card 

One - Piece Video Recorder/Monitor 
Panasonic has added recording capabilities to the AG-500 Player/ 
Monitor to create the AG-550. The AG-550 has a 4-head video system 
for noiseless slow motion and still fame playback. It offers 2/4/6 hour 
record and play, and auto repeat playback operation based on either 
Tape End or Video End. The front panel contains a digital clock and 
fluorescent display of tape operations. An optical soft-sided carrying 
case is available. Matsushita Electric of Canada Ltd. 

Circle No. 26 on Reader Service Card 
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50MHz Osciloscope 
RCC Electronics Ltd. introduces the MEGURO MO -1254A dual 
trace, 50 MHz bandwidth oscilloscope. It features 5mV to 5V/division 
sensitivity, x 5 magnification and delay triggered sweep. The M0-1254A 
measures up to 400Vp-p, with horizontal sweep time from 0.2 us to 0.5 
s/division. 

Circle No. 25 on Reader Service Card 

Pulse Generator/Logic Tester 
A Pulse Generator/Logic Tester, Model GPG8018, is now available 
from GW Instrument, for use with CMOS and TTL circuitry. The 
GPG8018 can be used with an osciUoscope for adjustable sweep delay, 
or for testing counter circuits and shift registers, or for IC logic testing 
of TTL, CMOS and related logic families. GW Instuments is marketed 
exclusively in Canada by Duncan Instruments Canada Ltd. 

Circle No. 27 on Reader Service Card 
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1988 SOFTWA 
SUPPLEMEN 

MOORSHEAD 

lOIN TilE DISK OF 
'THE MONTI-I CLUB 
Keep up with the latest ~;mblic 
domain software by havmg it 
shipped directly to your door 
every month. Never miss a disk. 

DESKTOP 
PUBUSHING POWER 
Liven up you desktop published 
documents with ClipArt and new 
laser printer fonts. This catalogue 
incluaes two new ClipArt collec
tions and our first display font disk. 

'TIS TilE SEASON 
TO BE GAMING 
Our special Christmas collection 
of games is perfect for anyone with 
an open drive door. It makes the 
ideal gift for anyone deserving, 
including yourself. 

THREE NEW AlMOST 
FREE SOFIW ARE 
VOLUMES 
A powerful collection of software 
awaits within ... we've assembled a 
host of business and professional 
tools, games, utilities and just plain 
weird code. Also see our Leisure 
Library disks. 

NO BUGS, NO VIRUSES 
Unlike most public domain 
software sources, the code in this 
catalogue has been rigorously 
checked for nasties. You can use 
it with confidence, knowing that 
it won't leave your hard dr1ve a 
smoking ruin. 

ORDER FORM 
OUTBACK 
Check the inside back cover for a 
complete order form, and please 
feel free to contact us for a free 
copy of our complete catalogue. 
Attach a note to your order or 
simply phone us at (416)445-5600. 

PUBLICATIONS 
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ALMOST FREE SOFTWARE 
VOLUME 39 
7bis collection of programs is 
about as classic tm almost free 
software wlume as we've done 
in a long time. It has a 'lust cor· 
nucopia of stuff .. we've wtmted 
to ail! something a "cornucopia" 
for long time, too. There's a great 
game, a host of DOS utilities, 
some hacker things, some serious 
applications and even a few tays. 
All of the code in this cOllection 
has Geen chocked within an inch 
of its lifo for bugs and viruses. 

BOOM is a program to dis
play fireworks on r.our screen. 
You probably don t think you 
need one of these ... most likely 
true, but it's fun to watch. Re
quires a CGA or EGA card 

COLORDIR is a very slick. .. 
and exceedingly fast ... sorted 
directory program which uses 
screen colours to make large 
directory listings easier to 
check out at a glance. A colour 
monitor, while by no means es
sential, is highly recommended 

DIGCLOCK is a huge screen 
clock which reads out in seven 

segment numerals. Easily read 
from across the room, or 
across the street with a good 
telescope. 

DISPINFO is a C source file 
for programmers. It's a 
foolproof routine to allow 
your code to figure out what 
sort of video card is in the 
computer it's running on. 

ED is another C source file, 
this one for the standard unix 
ed text editor. It has been 
reworked to compile under 
Turbo C, and will serve nicely 
as the basis for a word proces
sor if you want to write your 
own. 

EGA2RAM runs the BIOS of 
your EGA card from fast 
RAM rather than slow ROM. 
It SJ?eeds up your screen quite 
not:J.ceably with no snow or 
other drawbacks. Requires an 
EGA card, ASM source code 
included. 

FASTGIF is a GIF image file 
reader. GIF files are glonous 
colour picture files wnich must 
be seen to be really ap
preciated. We've included a 
GIF file of a mandrill so you 
can see what they're up to. Re
quires an EGA or VGA card 

HP-SLASH reduces the 
size of Laser Jet soft 

fonts ... and their 

resultant download time ... by 
allowing you to selectively 
remove unused characters 
from them. This is an essential 
tool for an:r.one using a Laser
Jet compauble printer, especial
ly with desktop publishing. 

MAXI.EXE is the answer to 
every "insufficient disk space" 
message in creation. It formats 
up a normal double density 
floppy to hold four hundred 
and twenty kilobytes, and a 
quad denstty disk to hold al
most a megabyte and a half. 
Our tests indicated that these 
disks are no less reliable than 
normal floppies, and can be 
read in normal PC drives. 

PC-POOL is a really well ex· 
ecuted pool simulation. The 
balistics of the balls is very 
nearly perfect, and the user in
terface is well thought out. It's 
not as gory as killing aliens, 
but it's better for your karma. 
Requires a CGA or EGA card 

REMTINDERisamemory 
resident appointment calendar 
which pops up at the touch of 
an alternate key. It also fea· 
tures a screen clock which can 
be enabled or disabled at will. 

RN is the best way to move 
around the subdirectories of a 
hard drive ever invented 
Rather than having to type in 
complex paths, RN allows you 
to move around in menu 
driven comfort. 

SAY is the best speech 
program we'·1e encountered 
for the PC thus far. It's pretty 
inteligible, especially consider· 
ing tfiat it speaks through a 
speaker the size of a quarter 
connected to a timer Chip. It 

comes with a host of 
phrases, including the all 

but essential "beam me 
up, Scotty". Good 

for disturbing 
your stupour in 

the morning. 

VFM will warm the hearts of 
Ventura Publisher users. It al
lows you to add and reor· 
ganize fonts for this popular 
desktop publishing system 
without any sweat, bother or 
keying of batch files. No laser 
should be without one. 

MCOPY is command line re
placement for the DOS 
COPY command which al
lows you to copy files to flop
pies with maximum space 
efficiency, a prompt to swap 
floppies when the disk is full 
ana full CRC checking to 
make sure that what you see is 
really what you get. DOS, as it 
turns out, doesn't verify its 
copies very well even with the 
verify flag on. This is an essen
tial utility. 

$19.95 

VOLUME 40 
SQUYNCH is an adventure 
game created with the Adven· 
ture Game Toolkit. Charged 
by Squeeb II to retrieve hiS 
ruby, you'll face various un· 
pleasant obstacles in fulfilling 
his request. SQUYNCH has a 
sophisticated command parser 
which accepts complete senten· 
ces as valid input. 

CRAPS is a realistic repre
sentation of the Las Vegas dice 
game. CRAPS' ir!StruCt:J.ons in
Clude a thorou&fl description of 
how the game ts played and 
the odds of various bets paying 
off. You'll need a colour 
graphics card and ANSI.SYS in 
your CONFIG.SYS file to 
play. 

PICEM16D allows users of 
CGA, Hercules and EGA as 
well as VGA graphics cards to 
view multi-<:oloured .GIF, 
.PIC and .PCX graphic files. 
Plantronics and AT&T 
graphics cards are also sup
ported. 

ROGER.GIF is a multi· 
coloured graphic of Roger Rab-

bit, a cartoon hare of 
recent cinematic fame. 

Best viewed on a 
colour monitor. 

1 9 8 8 
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EDMAC allows users to edit 
and (optionally save) readmac 
graphic files. Good for clean
mg up the extra bits inherent 
in files ported from the Macin
tosh. EDMAC is accompanied 
by its Pascal source code, and 
requires a colour graphics card. 
OPUS is a readmac of Berke 
Breathed's Bloom County 
character in a questionable 
state of Penguin Lust ... 

FOWLPLA Y attempts to set
tle the question of why did the 
chicken (or turkey) cross the 
road Similar to Frogger, this 
game requires a colour 
graphics card. 
A TALK is a number of 
humourous digitised sentences 
which actually sound reasonab
ly clear through your speaker. 

$19.95 

VOLUME 41 
GALAXY24 is the latest ver
sion of the Galaxy word proces
sor. Now equipped with a 
spelling checker, Galaxy allows 
the user to work on up to two 
textfiles at the same time and 
import text from one to the 
oilier. The colours Galaxy uses 
are user-selectable, and EGA 
owners may elect to display 43 
lines of text instead of the stan
dard 25. Galaxy can use the en
tire IBM character set, provides 
ten programmable macros to 
save you some typing, and ~ill 
take advantage of a mouse, if 
you have one. Most popular 
printers are supportea. 

PC-TOUCH endeavours to 
improve your typing skills by 
recording your accuracy and 
words per minute as you type 
in the deep thoughts it throws 
at you from thinkers gr:eat and 
obscure. In executable form, 
PC-TOUCH comes with its 
BASIC source code, and allows 
you to ch~e the ~otes to vir
tually anything you d like. 
PHNWRD10 knows that 
you've always wanted to know 
what your phone number 
spells out, and is willing to dis
play ... or print ... all 2,187 per
mutations to help you out. 
Few of these will actually 
make sense, but there may be 
an interesting phrase or three 
nestled in amongst the resul
tant cryptograms. $19.95 

A R E F 0 R T H E p c 

CHRISTMAS GAMES DISK 
OJristmas is a time of love, 
laug/Jter, joyous abandon and 
ptaying computer games until 
~r eyes hurt. Okay ... tradition
ally that latter feature mif!}Jt not 
have been witfely accepter!, but 
a~ who gets into the true 
sptrit of amitmas will realize 
ihat with all that time off work 
there's ample opportunity to get 

CARD is a simple draw poker 
game. In addition to genuinely 
random play, you can shoot tt 
if it cheats without having to 
worry about its brothers com
ing after you for vengance. 

CASTLE remains one of the 
most fun public domain com
puter games yet devised. 
Wander around a sort of 
deserted castle collecting things 
and trying to find the way 
out. More fun than sudden, 
blistering death. 

CHESSII is a pretty sophisti
cated chess game wtth a 
graphic board. You can actual
ly pick up and move your 
pieces, rather than having to 
enter board co-ordinates. 
Chessll features multiple look 
ahead levels, too. Requires 
CGA or EGA card. 

EGAROIDS is a brilliantly ex
ecuted Asteroids game for 
EGA and VGA cards. It's fast 
and deadly ... if you get 
crunched by an asteroid, you 
suck vacuum. This version cor
rects the incompatibilities 
many users encountered with 
the one previously offered on 
our almost free software disks. 

FROGGER is a PC version 
of the classic arcade game. Try 
to get your fro& across the 
road without htm winding up 
splattered by the traffic. Less 
messy than real life. Requires a 
CGA or EGA card. 

HAUNT is a text based adven
ture game in which you at
tempt to work your way 
through a haunted house. It's 
quite a large house, though, 
with an endless plethora of 
rooms and objects. 

LINKFOUR is a com
puterized version of the 

in a few phasor blasts now and 
again between the eggnog and 
scotch. 
If someone you know likes to 
flay computer games ... or if you 
just want to !JXlil their concentra
tion for the first half of the new 
:>ear ... why not give them the At
mast Free Onistmas Games disk. 
We've gone though our volum-

popular Connect 
Four vertical 
checkers game. 
Try to get 
four col
oured dots 
in a row 
before the 
computer 
does. It's a 
classic puz
zle. Requires 
a CGA or 
EGA card. 

PACKGAL is an 
ASCTI based ver-
sion of PacMan. It 
plays like the wind, 
though, and is every 
bit as exciting as the 
arcade version ... ex
cept that it doesn't 
inhale quarters. 

PINBAll2 simulates 
the action of a pinball 
machine on your com
puter. This one has all 
sorts of traditional pin
ball phenomona, in
dudmg flippers, out 
lanes, kickers, gates 
and so on. Re-
quires a CGA or 
EGA card. 

TREK lets you 
tear through 
space 
meeti?g in
terestmg 
new life 

/ 

0 

forms and 
slaughtering them. 
It's a complex 
graphic space 
game with lots of action 
and even a plot of sorts. 
There's no blood like green 
blood Requires a CGA or 
EGA card. 

WilLY is the strange and won-

inous colleaion of games and 
chosen our favourites for this 
disk. It indudes such dassU:s as 
C:tstle, Trek, OJessii and 
EGAroids ... plus a host of others. 
7he Almost Free 0Jristmas 
Games disk comes comp_lete with 
documentation on the aisk and 
an attractive package suitable for 
wrapping. $19.95 

derful saga of willy the worm. 
In this episode, you get to help 
Willy go home. Willy is a gra
phic arcade game clearly writ
ten by someone a little warped. 
Requires a CGA or EGA card 
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L SURE 

~ier SIMCGA's, this is simple 
to use. It supports all three 

--~ .... CGA modes, normal, four
••••••••••• ty column, and hi-res mono 

mode. All the CGA programs VOLUME 1 
COLOUR CARD 
PROGRAMS 
AQUARIUM make your 
monitor a fish tank which can
not spill onto your computer. 
Good for endless hours of 
meditation. CGA is required 

MSLIFE or more fully, the 
game of life for Microsoft Win
dows. A mouse is almost vital 
for setting up screens. This 
version has some nice features, 
including constant update of 
the MSLIFE icon. 

AIRPLANE allows one to dis
play and print blueprints for 
paper airplanes. Great for office 
mayhem. CGA and BASICA 
or GWBASIC are required 

SIMCGA version 4.0, the 
latest we've found As with ear-

on this disk worked for us 
with SIMCGA. 

HEIJ>ME cannot be 
described. If it does not starde, 
perhaps even scare people 
around you, find some people 
to show it to. Run it and listen 
to what happens! 

SA YITME basically just says 
the time. This is a resident 
program which will cause your 
system to speak the current 
time whenever the correct key 
code is entered, even when 
you are in another application. 
Great if you' can't see a clock 
and your screen is too full for 
an on screen .one. 

CAlL TIME should only be 
used by T orontonians. It calls 
Toronto's own radium clock, 
and grabs the time correct to 
the second, then installs it on 
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LIBRARY 
your system. If you have an 
AT, it even installs it in the 
battery supported CMOS. Re
quires a mOdem connected to 
an outside line which can call 
central Toronto without long 
distance fees. Version 3.1. 

PLANETS computes informa
tion relating to the position, 
distance, magnitude, and so on 
for the major planets in our 
solar system on a specific date 
and time. A must for space 
travellers. CGA required for 
graphic displays. 

MELT clears your screen slow
ly. Sort of. This is the type of 
program which makes DOS's 
CLS command so ghasdy 
boring. CGA is required. 

DAZE This too, is a little 
weird. An excellent way to 
leave an unused computer, this 
colour demonstration leaves ac
counts receivables in the dust! 
CGA required 
WffiZ cleans the inner surface 
of your monitor with electron 
brushes already available to 
users who have CGA com
patible systems. Great for that 
one glanng hard to get at place. 
JOYCAL is a slick joystick 
calibration system specially de
signed for those with ... you gues
sea it ... joysticks. It will support 
both joysticks simultaneoUSly, 
calculate the centre, then tell 
you how to adjust your stick. 
DRSLEEP, Dr. Sleeptite and 
the Nightmare Factory is a 
strange experience. Get fifty 
thousand volts throughyour 
body, be attacked by killer pil
lows, and above all, avoid sleep. 
The mad doctor is at it again. 
This game requires CGA. 

$19.95 

VOLUME 2 
EGA PROGRAMS 
MONAllSA is the lady her
self. The picture is drawn slow
ly but accurately. EGA required 

EGAD is one of the most im
pressive EGA demonstrations 
around It has everything from 
flickering photos to QIX lines 

to a multi- shape kaleidoscope 
in full colour. Supports mice 
and exploding boxes. 

EGA W AL is creates complex 
geometric patterns on EGA 
the screen. Run this and stand 
back and watch! Another great 
one for bored machines. 

ROSES creates similar EGA 
patterns to EGA W AL, how
ever, it creates them faster and 
makes them look more like 
flowers. The originality of prcr 
gram names is astounding, no? 

EGASNO simulates a snow
fall in EGA. You may adjust 
the speed at which snow falls 
as well as the amount of snow 
actually coming down. This 
program is altogether unuseful, 
but is great for getting an idea 
of the absolute limits of EGA's 
resolution. 

MGGS stands for Mandelbrot 
Graphics Generation System. 
This gem of a set of programs 
calculates Mandelbrot images 
and displays them on either 
CGA or EGA systems. Cal
culations may be done with a 
math co-processor if you have 
one installed Version 3.2. 

FRACLAND draws 
landscapes, shorelines and is
lands shaped by fractal 
geometry. Interesting, realistic, 
and BASIC source cOde is even 
included. CGA is required 

AUTUMN displays autumn 
colours and leaf-pile desi&ns 
which are also created usmg 
fractal geometry. Source code 
is unavailable. CGA required 

TEAPOT is an EGA 
demonstration of three dimen
sional graphic rotation abilities. 
Use the cursor pad to decide 
which direction and on which 
axis your teapot will spin and 
from where you will observe it. 

ROLEX is a _giant screen sized 
EGA watch tace which keeps 
accurate time, assuming your 
system clock keeps accurate 
time. Also includes the date as 
an added bonus. This 
program could be useful in of
fices where spare computers 
outnumbered spare clocks. 

MOORSH E AD PUBLI C A T IONS S OF TWAR E SUPPL E M E NT 1988 
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llNES is a collection of com
mands to determine how many 
lines your screen will keep in 
EGA. Select 15, 25, 35, 43, 50, 
or 60. Also included is a com
mand to give you 120 columns. 
Works only with EGA. 
EGA2RAM takes IDM EGA 
BIOS and stores it in RAM, 
then tells the computer to 
refer to the RAM copy of the 
BIOS instead of the ROM. 
This speeds up many EGA 
screen writes, since RAM is 
much faster than ROM. AY. 
sembler source is included. 
A TI2RAM is the same sort of 
thing as EGA2RAM, but it 
works with ATI's EGA 
Wonder BIOS instead of IDM 
EGA. Speed increases can be 
anywhere from fifty to one 
hundred percent, depending 

A R E 

on whether the software 
makes direct memory writes 
or actually uses BIOS. 

$19.95 

F 

VOLUME 3 
GRAFICS & GAMES 
EGA2GIF is a memory resi
dent utility which grabs EGA 
screens when you hit the key 
combination, and stores them 
on disk. 
VGIF, a GIF picture viewer 
in EGA, can also convert GIF 
pictures to formats used by 
various paint programs, includ
ing EGAPaint, PC Paintbrush, 
etc. Also allows for slide 
shows of pictures. Included 
are three GIF pictures to start 
your own slide show. 

0 R T 

XONIX is a fast paced game 
of luck and mental coordina
tion. This is perhaps one of 
the most addtctive games 
around. CGA required. 

ALOO is a game which was 
created specifically for A T286 
machines with 256K EGA 
cards inside 'em. It's basically a 
Donkey Kong clone, with real
ly smooth graphics. 

DALEKS will be a natural to 
all Dr. Who fans. The object 
of the game is simple .... smash as 
many of the robots as you poY. 
sibly can before getting killed. 
PITF AIL is a simple but fun 
exercise in futility. You are 
dodging the walls of a pit as 
you fall deeper and deeper. 
Trouble is, i:he pit gets nar
rower the farther you go. 

H E p c 
MUMMIES is a simple low 
resolution game which is actual
ly q1.1ite similar to DALEKS. 
While exploring the tomb of 
the ancient King Mut, you are 
beset upon by noards of mum
mies. W ondetful topic for a 
computer game, but it is fun. 
SCRABBLE is Scrabble. This 
one is in EGA, knows all the 
rules, and even keeps score for 
you. Definitely a classic com
puter game, even if it can't 
play against you. 
CHESS is a v~ small chess 
player, rather fast, not impoY. 
sible to beat. CGA is used, and 
the pieces are made of not 
woOd or metal, but realistic 
graphics. Small enough to fit in 
a pocket, it's just the thing to 
while the time away when you 
should be word processing. $19.95 

CLIPART 
FOR PC/XT/AT AND MACINTOSH 
Diflital clip art is the spice of desktop publishing, as well as being use
fu(far ot:Eer applications and just jun to meddle with. Howm:r, un
less YJU have a scanner and a source of interesting original art, YJU'll 
have a hard time amassing a library of images. We've taken a lot of 
the waiting and fiddling out of using clip art with these collections. 
7hese volumes consist of collections of image files in the MacPaint file 
farmat. 1he IBM PC versions include a uiiltty to convert them to 
GEM/IMG paint files, to make them more readily useable with the 
popular Ventura Publisher package. 7he Macintosh versions are all set 
to be included in documents created by Mac Write, Word, Quark, 
PageMaker, Ready Set Go and other Macintosh applications. 

VOLUME 5 
BIRD 
BOOP 

BORDER 
CLIPART1 
CLIPART2 
CONAN6 

COUPLES4 
DRAGONX 
ELEGANT 
HUNTED 

KIDS3 
KRAZYCAT 

MEN3 
SCRAPS 

SCROOGE 
SPLINTR 
WOMEN3 

$19.95 

M 0 ORSH E A D P U B LICATIONS 

7hese files are the cream of public domain images ... we sarted throu~h 
over eight megabytes of pzqures to bring YJU these two disks. 7hey m
dude spat illustrations, jull page picures, cartoons, scanned art arid all 
manner of arnaments and (/jnglms. While the MacPaint farmat is 
typically reproduced as seventy Jive dot per inch pictures whidJ occupy 
a full page, under Ventura you can use these pictures as true three 
hUndred dot per indJ art, in whidJ case the images occupy about two 
by three indies unsealed. 
If you use desktop publishing, you won't want to be without our dip 
art collections. Air of the stray images in this catalog have been 
drawn from the following cOllections. 

6 
AUSTRAL 
CLIPART3 
CLIPART4 
CONAN1 

CORN COCK 
DONA TELL 

IDMGIRL 
KIDS4 
MEN4 

NEWMACS 
PANEL 
PINUP 
POOH 

SPORTS 
WOMEN4 

$19.95 
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LASERJET D I s K 
FONTS OFTHEMONlH 
~:Vt::P:r:::tJJ::i:!PF:C~::J;:f!bi~t:::,~ ~~~~inly c L u B 
have ex;fJe1ienced the L:u:k of interesting fonts available with most com-
mercial prog;:ams. Desktop publishins. zs really a bore if you can't 
drag yourself out of the usUal mire oj 7imes "and Helvetica and sing 
once in a while. 
Now you can. Almost free Laser]et soft fonts are collections of decora
tive lieadline faces to clress up your documents. 1hey can be Used with 
arry application whidJ talks to a Laserjet comp:ttible J!!inter. 
However, because of the popularity of the Ventura publisher packa?f? 
we've included a width table generator for eadJ collection which will 
painlessly integrate these fonts into Ventura for you. 

v 0 L u M E 0 N E 
~bbobe Amityville 
Ava ntis Basque 

Begott~n 13i~ £it, 
Centurion Medium Copper 

Cliannef Oofi1ue cfianneC 

C o u r i e r GalaxyGiue 
Gillie Gamet 

Olivia 
Omalion 

Optimial 

Palatinus 
P r e s t i g u s Rocky 

lL • ¢ r n oo Jl n e E f (symbol) 

Seha.stian Hoboken 
® lbr fng liz~r Clia.nne( 1.2 Point 

Cartoon 
$19.95 

By joining the ALMOST FREE SOFTWARE DISK OF THE 
MONTH CLUB you will not only save on long distance calls 
and postage but time as well simply because we can arrange for 
you to receive each new PC disk automatically. Here's how it 
works: 

• You give us the authorization on the form below to charge to your 
credit card each new Almost Free PC Software Disk the day we 
put it in the mail to ymL There will be approximately one new disk 
each month. 

• You may cancel this arrangement at any time by calling our 
Software manager, Rick Cree. You may also return any disk that 
does not meet with your expectations for immediate refund 

Yes, it's that simple. If you would like to receive this service, 
please fill out the form below and mail to Moorshead Publica
tions. The service will begin with the next disk. 

r--------------, 
ALMOST FREE SOFTWARE I 
DISK OF THE MONTH CLUB 
Yes, I want to be a part of the Moorshead Publications, 1 
ALMOST FREE PC SOFTWARE DISK OF THE 
MONTH CLUB. By completing this order form, I I 
authorize Moorshead Publications to charge my credit I 
card for each new disk as published. 1 I 
I understand that there will be approximately one disk I 
per month and that I will be charged the advertised 
price. I also understand that the maximum charge for I 
any disk will be $30.00 (Moorshead Publications is not I 
planning any price increases. This takes account of 
double-disk volumes). I 
Visa __ MasterCard __ American Express__ I 
Account# Expiry Date I 
Signature~--------------
Name. ________________ __ 

Admess~----------------

Province. ____ ~Postal Code _____ _ 
Send to: 

I 
I 
I 
I 
I 

MOORSHEAD PUBLICATIONS I 
1300 Don Mills Road, North York, Ontario M3B 3M8 1 

(416)445-5600 L FAX: 416-445-8149 J 
--------------
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PC/MS-DOS 

Almost Free PC Volume 1 
Almost Free PC Volume 2 
Almost Free PC Volume 3 
Almost Free PC Volume 4 
Almost Free PC Volume 5 
Almost Free PC Volume 6 
Almost Free PC Volume 7 
Almost Free PC Volume 8 
Almost Free PC Volume 9 
Almost Free PC Volume 10 
Almost Free PC Volume 11 
Almost Free PC Volume 12 
Almost Free PC Volume 14 
Almost Free PC Volume 15 
Almost Free PC Volume 16 
Almost Free PC Volume 17 
Almost Free PC Volume 18 
Almost Free PC Volume 19 
Almost Free PC Volume 20 
Almost Free PC Volume 21 
Almost Free PC Volume 22 
Almost Free PC Volume 23 
Almost Free PC Volume 24 
Almost Free PC Volume 25 
Almost Free PC Volume 26 
Almost Free PC Volume 27 
Almost Free PC Volume 28 
Almost Free PC Volume 29 
Almost Free PC Volume 30 
Almost Free PC Volume 31 
Almost Free PC Volume 32 
Almost Free PC Volume 33 
Almost Free PC Volume 34 
Almost Free PC Volume 35 
Almost Free PC Volume 36 
Almost Free PC Volume 37 
Almost Free PC Volume 38 
Almost Free PC Volume 39 
Almost Free PC Volume 40 
Almost Free PC Volume 41 
Hard Disk Survival Kit 
Soecifv PC or Macintosh format: 
Ventura ClipArt Volume 1 
Ventura ClipArt Volume 2 
Ventura ClipArt Volume 3 
Ventura ClipArt Volume 4 
Ventura ClipArt Volume 5 
Ventura ClipArt Volume 6 

Almost Free Business Software 
SuperDisk Volume 1 utilities) 
SuperDisk Volume 2 ~games) 
SuoerDisk Volume 3 dBase utilities) 
SuoerDisk Volume 4 utilities) 
SuoerDisk Volume 5 business) 
SuperDisk Volume 6 games) 
SuoerDisk Volume 7 games) 
SuperDisk Volume 8 productivity) 
SuoerDisk Volume 9 1-2-3 utilies) 
Leisure Librarv Volume 1 
Leisure Librarv Volume 2 
Leisure LibraryVolume 3 
LaserJet Fonts Volume 1 
SPECIAL Christmas Games Disk 

FORMAT: 
5.25" disks will be 

shippe~ unless 
otherwtse mstructed. 

A R E 0 R 

w A R E 
PRICE QTY AMOUNT 

$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$24.95 
$19.95 
$24.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$29.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 

$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 
$19.95 

Subtotal 

8% Tax (Ontario Residents) 

Postage &. Handling $1.50 

TOTAL 

D E R F 0 R M 

ORDER TODAY 
Send to: 

Moorshead Publications 
1300 Don Mills Road, 

North York, Ontario M3B 3M8 

(416) 445-5600 
FAX: 416-445-8149 

PC disks 
now available in 

5.25 and 3.5-inch formats. 
(Specify if 3.5" format preferred). 

CUSTOMER POLICY 
e Moorshead Publications warrants that the software 

will be readable. We will replace defective disks at 
no cost. Replacement will be made upon the return 
of a defective diskette. 

e Payment must be made before shipment. 

e While every effort has been made to ensure that 
these programs are debugged, we can not assist you 
in adapting them for your applications. 

e Unless otherwise stated, all software listed in this 
catalogue and distributed by Moorshead Publications 
has been obtained through public access bulletin 
boards, and is believed to be in the public domain. 
A number of programs distributed on these disks are 
classed as "freeware" and contain requests for registra
tion fees. Payment of such fees is entirely optional, 
but users who do register may be eligible to receive 
program enhancements and technical support from 
the program's author. 

e All software distributed through this catalogue is of
fered free of charge. Prices listed for these disks serve 
only to defray the costs of diskette duplication, 
materials, and collecting and testing the software. 

Name ______________________________ __ 

O:>mpany --------------
A&t~ -----------------------------
City/Town 
Province ___ P~ Code ______________ _ 
Telephooe 
Subscriber? CN!'----- ET&T ___ OE __ _ 

DCheque 
D Money Order 

Card Number 

D MasterCard 
DVisa 
D American Express 

Expiry Date _ ____ _ _________ _ 

Signature 

MOORSHEAD PUBLICATIONS SOFTWARE SUPPLEMENT 1988 



To: 

as Gifts 
on 

g ... 
of the magazine you hold. 

electronics; articles and news on the rapidly 
computers, and more. 

to help your buying decisions and increase 
knowledge. 

friend or associate this year perhaps the answer is in your 
twelve months and is a monthly reminder of you the giver. 
and thoughtful gift indeed. 

CED CHRISTMAS GIFT RATES: 
! .......................................... . $17.95 

& Technology Today ............................... $17.95 
Computers in Education ...... . ............................... $17.95 

~ 
~ 
~ 

Subscribers may extend their own subscription at these rates. 

Please send the following Christmas Gifts. I have indicated the magazine of my choice: 

From: 
Name ____________________________________________________________ __ 

Address -----------------------------------------------------------
City ----------------------------- Province 

Postal Code ----------------------- Telephone 

To: 
Name ------------------------------------- Name ---------------------------
Address _____________________ __ Address ____________________ _ 

City City ____________ Province 

_____ Publication Postal Code 

To: 

_____________ Province 

_ ____ Publication Postal Code 

To: 
Name -------------------------- Name -------------------------

Address --------------------- Address _______________________ _ 

City _____________ Province City ___________ Province 

Postal Code _____ Publication _____ _ Postal Code _ ____ Publication ____ _ 

A card will be sent to announce your gift. 

0 My cheque is enclosed. 0 Charge my 0 Visa 0 MasterCard 0 American Express. 

Account Number ___________ Expiry Date 

Signature: __________ _ 

Send to: Moorshead Publications 
1300 Don Mills Road, North York, Toronto, Ontario M3B 3M8 (416) 445-5600 

Fax: 416-445-8149 



PRODUCTS Continuedfrompage24 

The Frederick Feline-Lt is a dataline monitor/protocol analyzer on a 
half-card that plugs into a Toshiba Model 1100+ or 3100 lap- top. 
Feline-LT handles such protocols as X.25, SNA, HDLC, and BSC. 
ASCII, EBCDIC, CRC-CCITT, CRC-16, CRC-12, CRC-6, LRC and 
parity error checking. State analysis, triggering, timers, counters and 
analysis programming are standard. Feline-LT includes a half-size 
board that plugs into the Toshiba Software User's Guide and RS-232 
Interface Pod. Represented in Canada by Atelco Inc. 

Circle No. 28 on Reader Service Card 

AC/DC Digital Clamp Meter 
Kyoritsu's Model 8113 miniature AC/DC digital clamp meter is useful 
for measurements in crowded switch boxes, cable areas,computer supp
ly installations, automobile electrical systems and other areas that can
not be reached with larger sized clamp meters. Measurement 
capabilities up to 200A AC and DC and a lOrnA resolution on 20A AC 
and DC ranges. Represented in Canada by Omnitronix Ltd. 

Circle No. 30 on Reader Service Card 

The Electrovert "Pluggables"8113 series of modular terminal strips for 
PC boards, offer a total system of quick connect and disconnect wiring. 
The 8113 series can handle extreme temperature variations without 
structural breakdown or warpage. Electrovert receptacles are uniquely 
molded of PBT ( Polybutylene Terephthalate) with the maximum flam
mability rating of UL94V -0. 

In addition, the 8113 series includes an increased 300V 12 Amp, 
CSA rating through all 24 pole configurations. The series also features 
mating plugs in polyamide 6.6 (UL94V-O), nickel-plated brass screws 
and pressure clamps, hot tin-plated bronze contact springs and solder 
pins, and worldwide approvals including UL and VDE 0110 Gr.B. 
Available in all popular pin spacings, 2-24 poles, single and two-tier 
modular sockets, horizontal and vertical configurations, Top system 
and LED versions. 

Circle No. 29 on Reader Service Card 

Recorders 
The Linse is L Y 1500 and L Y 1600 recorders offer a compact design 
with all the features of larger XY recorders. Features include recessed 
input terminals, multiple input ranges with 0.25 % accuracy, selectable 
timebase sweeps, electrostatic paper, hold down and electronic pen lift. 
The L Y 1500 and L Y 1600 electronic servo shut-down during over
range conditions eliminates premature electronic and mechanical 
failure caused by the X or Y axis being driven off scale. RCC 
Electronics Ltd. 

Circle No: 31 on Reader Service Card 
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NlW PRODULfS, 

Burr-Brown's Bar Code Termina11M4100 is a reading terminal for use 
in locations permitting simplified keyless data entry. The 1M4100 is 
useful for numerous applications including factory data collection, 
quality assurance, and time attendance. It features a scannable 
keyboard; a large high contrast, 16-character LCD display that can be 
adjusted to several viewing angles; and a 2000-character buffer. Inputs 
from laser scanners, slot readers, and bar code wands are all accepted 
by the 1M4100. A host of command enables the terminal to control the 
programmable LEDs. Many setup categories and options are available 
on the scannable keyboard. The terminal includes a RS-232 or RS-
422/485 for the host communication port. Allan Crawford Associates. 

Circle No. 32 on Reader Service Card 

Frequency Probes 
KB Electronics announces the ·addition of the F-2(A) and F-20(A) Fre
quency Probes to its line of test bench equipment. These low cost 
probes are designed to extend the use of any digital multimeter and 
offer an economical alternative to expensive test equipment for each in
vestigation of a wide variety of circuits. The F-2(A) covers the range 
from 200 Hz to 1 MHz and the F 20(A) from 2 KHz to 20 MHz. Ac
curacy is + /-.05% or better and the units require no additional power 
input other than the powered circuit under test and the D.M.M. These 
units are ideal for quality control or on the site applications requiring 
quick, accurate frequency measurement. 

Circle No. 33 on Reader Service Card 

Three Digital MiliOhmmeters 
Cropico U.K. offers a series of three digital Milli
Ohmmeters. Designated the Cropico DO-Series, each 
instrument is designed and manufactured for years of 
trouble-free operation Typical applications include 
windings; switch contact resistance; electrical connec
tors, bonding/welding measurements, transformer wind
ings, and many others. Represented in Canada by Dun
can Instruments Canada Ltd. 

Circle No. 34 on Reader Service card 

Frequency Range Extended to 46GHz 
A new frequency-extended option for the Hewlett-Pack
ard 5352B microwave frequency counter that extends its 
range to 46 GHz without the need of an external mixer is 
available. The counter's sensitivity of -30dBm at 26.5 
GHz, linearly decreasing to -15dBm at 46 GHz, allows 
manufacturers of EHF satellite communication systems 
to accurately measure weak signals to 46 GHz without 
using external amplifiers and filters. 

Circle No. 35 on Reader Service Card 
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We have a variety of 
products for Mechatronic 
applications using computer. 

1) Several types PWM method stepping motor drivers 

KEM-802 series 
• KEM-802-12Max.1.2A . . . . . . . ... $125.00 
• KEM-802-24 Max. 2.4A . . . . . . $145.00 
• KEM·802-50Max.5.0A(withcoolingfan)... . .$285.00 

And we prepare many kinds of stepping motors for your robotics 
alications. 

2) Intelligent Stepping motor controller via RS-232C for any 
computer . $315.00 

3) Intelligent 2-axis stepping motor controller for IBM 1/0 slot .. $435.00 

4) Multi 1/0 port with timer counter card for IBM 1/0 slot ... ... . $185.00 

5) 8CH-solid state relay (max. 250V 1 Ale h) 1/F card to control 
AC motor,lamps, solenoid and magnet clutch etc .......... $115.00 

6) 16CH 12 bit A/D and 1CH 12 bit D/A card for IBM .......... $198.00 

7) 2CH Rotary encorder 1/F card for IBM .. $345.00 
• Rotary encorder 60p/r to 500p/r. Price range $145 to $189. 

Get the best of 
professional 

deskto 

E&TT November 1988 

P t A ·c f 
New Version for 
IBM AT/XT/Turbo 

Only K.E.M. original almighty SUPER EP-ROM TOASTER can support 1 
Mega bits EP-Rom programmer, 1-chip CPU programmer & EP-Rom 
emulator adapter units. 

Features: 
• Program 2716 to 27512 including CMOS and A versions in super high 

speed. 
• Can Program 32 pin type/One Megabit EP-Rom with optional adapter 

unit KEM-904. 
• Can Program 1-chip CPU with optional adapter units KEM-903A 

(8741/48/49) or KEM-903B, (8751, 87C51). 
• Also with an optional EP-Rom unit KEM-902 this programmer 

becomes a powerful development tool. 

Super KEM-901SP(New version) ...... ...... ....... ........ $215.00 
KEM-902 (New version) ................................ ... $145.00 
KEM·903A .............................................. $145.00 
KEM-9038 (New version) .. ............... ...... ........ .. $195.00 
KEM-904 .................................. .. ..... . .... . $145.00 

Intel HEX, Motorola, S format - Binary conversion software $50.00 

Shipping and handlinQ - $6.00 for Prepaid. $10.00 for C.O.D. Plus PST for B.C. 
residents. Ask information with 4 pes of 37¢ stamps. 

Sorry we have no facility for credit card and do not accept invoice order. 

K.E.M. Electronics Ltd. 
Mail to Box 69126 Station(K), Vancouver, B.C. V5K 4W4 

Office 879E. Hastings Vancouver (604) 251·1514 

•Brochures •Catalogues •Forms •Instructions 
•Parts Lists •Price Lists •Sales Flyers 

•Production Information •Technical Documentation 
•Training Manuals •Directories 

•Corporate Identity Packages • Annual Reports 
· •Menus •Magazines ... 

and much more 
Call 

-- ... !!!!!!!!!!!!!!!~ ----------_ ..... __ _ 
----
COMMUNICATIONS 

Kenneth Marskell 
(416)445-5600 

A Division of MOORSHEAD PUBLICATIONS: 
1300 Don Mills Rood, North York, Omorio M3B 3M8 FAX: 416-445-8149 
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BP111'AUDIO $14.00 
This one is ideal for readers who 
want to really get into sound. A wide 
range of material is covered from 
analysis of the sound wave, 
mechanisms of hearing, room 
acoustics, microphones and 
loudspeakers, amp I ifiers, and 
magnetic disc recording. 

BP239: GETTING THE MOST FROM 
YOURMULTIMETER $9.00 
This book is aimed at beginners and 
those of limited experience of elec
tronics. Using the simple component 
and circuit testing techniques in this 
book lhe reader should be able to 
confidently tackle servicing of most 
electronic projects. 

BP:53 PRACTICAL ELECTRONIC 
CALCULATIONS AND FORMULAE 

$11.75 
A book that bridges the gap between 
complicated technical theory and the 
'cut and try' method. A good 
reference book. 

BP 174: MORE ADVANCED ELEC· 
TRONIC MUSIC PROJECTS $12.00 
Complementing Book BP74, "Eiec· 
tronlc Music Projects", BP174 pro
vides more advanced projects, such 
as a !Ianger, a phaser, mlnl-chrous 
and ring modulators, percussion syn. 
ths, etc. Each project has an In· 
traduction circuit diagram and con
structional notes. 

BP 113: 30 SOLDERLESS BREAD
BOARD PROJECTS.BOOK 2 
R.A. Penfold $8.00 
A companion to BP107. Describes a 
variety of projects that can be built 
on plug-In breadboards using CMOS 
logic IC's. Each project contains a 

-schematics, parts list and opera
tional notes. 
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BP82: ELECTRONICS SIMPLIFIED -
CRYSTAL SET CONSTRUCTION$5.25 
This Is a book written especially for 
those who wish to participate in the 
intricacies of electronics. 

BP182 $8.00 
More Advanced Power Supply Pro· 
jects, by Robert Penfold. A compa· 
nion to BP76, this book covers swit· 
ched mode supplies, precision 
regulators, tracking regulators, 
computer-controlled supplies, etc. 

BP197: AN INTRODUCTION TO THE 
AMSTRAD PCs $20.00 
Recently introduced to Canada, the 
Amstrad PC is an MS.DOS computer 
for general and business use. This 
book explains all you need to know to 
start computing. 

BP:150 AN INTRO TO PROGRAM· 
MING THE SINCLAIR QL $7.80 
Helps the reader make the best use 
of the Sinclair QL's almost unlimited 
range of features. Complements the 
manufacturer's handbook. 

BP48: ELECTRONIC PROJECTS FOR 
BEGINNERS $7.80 
F.G. Reyer, T. Eng. (CEI), Aaaoc.IERE 
Another book written by the very ex· 
perlenced author- Mr. F.G. Rayer
and In It the newcomer to electronics, 
will find a wide range of easily made 
projects. Also, there are a con· 
slderable number of actual com
ponents and wiring layouts, to aid the 
beginner. 

~~••• 11111111. IIIIer 
Exclusively available in Canada from 

Moorshead Publications. 
BP135: SECRETS OF THE 
COMMODORE14 $5.85 
This book Is Intended as a beginner's 
guIde to the Commodore 64. 

BP155: INTERNATIONAL RADIO 
STATIONS GUIDE $8.00 
An Invaluable aid In helping all those 
who have a radio receiver to obtain 
the maximum entertainment value 
and enjoyment from their sets. 

BP130: MICRO INTERFACING 
CIRUITS- BOOK 1 $11.00 
Aimed at those who have some 
previous knowledge of electronics, 
but not necessarily an extensive one, 
the basis of the book Is to help the In· 
dlvldual understand the principles of 
Interfacing circuits to micropro
cessor equipment. 

BP51: ELECTRONIC MUSIC AND 
CREATIVETAPERECORDING S6.85 
This book sets out to show how Elec· 
tronlc Music can be made at home 
with the simplest and most Inexpen
sive equipment. 

BP222: SOLID STATE SHORT WAVE 
RECEIVER FI)R BEGINNERS 
R.A Penfold $7.80 
In this book, A.A. Penfold has design. 
ed and developed several modern 
solid state short wave receiver cir
cuits that will give a fairly high level 
of performance, despite the fact that 
they use only relatively few and lnex· 
pensive components. 

BP110: HOW TO GET YOUR ELEC· 
TRONIC PROJECTS WORKING 
R.A. Penfold $7.80 
We have all built circuits from 
magazines and books only to find 
that they did not work correctly, or at 
all, when first switched on. The aim 
of this book Is to help the reader over· 
come just these problems by In· 
dicating how and where to start look· 
ing for many of the common faults 
that can occur when building up pro· 
jects. 

BP74: ELECTRONIC MUSIC 
PROJECTS $10.00 
R.A. Penfold 
Although one of the more recent 
branches of amateur electronics, 
electronic music has now become ex
tremely popular and there are many 
projects which fall into this category. 
The purpose of this book Is to provide 
the constructor with a number of 
practical circuits for the less com· 
plex Items of electronic music equip· 
ment, including such things as a 
Fuxx Box, Waa-Waa Pedal, Sustain 
Unit, Reverberation and Phaser
Unlts, Tremelo Generator etc. 

BP 234: TRANSISTOR SELECTOR 
GUIDE $15.00 
listings of British, European and 
eastern transistor characteristics 
make it easy to find replacements by 
part number or by specifications. 
Devices are also grouped by voltage, 
current, power, etc., includes 
surface-mount conversions. 

BP50: IC LM3800 PROJECTS $4.25 
The purpose of this book Is to In· 
traduce the LM3900 to the Technl· 
clan, Experimenter and Hobbyist. It 
provides the groundwork for both 
simple and more advanced uses and 
Is considerably more than just a col· 
lectlon of simple circuits or projects. 

BP233: ELECTRONIC HOBBYIST 
HANDBOOK $15,00 
A single source of easily located in
formation: colour codes, pinouts, 
basic circuits, symbols, etc. 

BP101: HOW TO IDENTIFY 
UNMARKED IC's $1.95 
An unusual and fascinating chart 
that is highly recommended to all 
!hose Interested in electronics and 
which will hopefully pay for itself 
many times over, by enabling the 
reader to use IC's that might other· 
wise have been scrapped. 

BP121: HOW TO DESIGN AND MAKE 
YOUR OWN PCBs $5.85 
The purpose of this book is to 
familiarise the reader with both sim· 
pie and more sophisticated methods 
of producing printed clrcu It boards. 
The emphasis of the book is very 
much on the practical aspects of 
printed circuit board design and con· 
structlon. 

BP180: ELECTRONIC CIRCUITS FOR 
THE COMPUTER CONTROL OF 
MODELRAILWAYS $9.00 
Shows how home computers can 
easily be applied to the control of 
model railroads and other quite 
sophisticated control. A variety of 
projects are discussed as well as cir· 
cuits for train position sensing, 
signal and electric points control etc. · 

BP185: ELECTRONIC SYNTHESISER 
CONSTRUCTION $8.00 
With this book a relative beginner 
should be able to build, with the 
minimum of difficulty and at a 
reasonably low cost, a worthwhile 
monophonic syntheslser and also 
learn a great deal about electronic 
music synthesis In the process. 

BP115: THE PRE-COMPUTER BOOK 
$5.85 

Aimed at the absolute beginner with 
no knowledge of computing, this en· 
tirely non-technical discussion of 
computer bits and pieces and pro
gramming is written mainly for those 
who do not possess a microcomputer 
but either intend to one day own one 
or simply wish to know something 
about them. 

BP72: A MICROPROCESSOR 
PRIMER $5.25 
In an attempt to give painless ap· 
proach to computing, this Inexpen
sive book will start by designing a 
simple computer and then the short· 
comings of this simple machine will 
be discussed and the reader Is shown 
how these can be overcome. A 
glossary of microprocessor terms is 
at the end of the book. 

BP78: PRACTICAL COMPUTER 
EXPERIMENTS $525 
The aim of this book is to enable the 
reader to simply and Inexpensively 
construct and examine the operation 
of a number of basic computer circuit 
elements and it is hoped gain a fuller 
understanding of how the mysterious 
computer " chip" works. 

BP88: AN INTRODUCTION TO BASIC 
Programming Techniques $5.85 
This book Is based on the authors 
own experience In learning BASIC 
and also in helping others, mostly 
beginners to programming, to 
understand the language. 

See order form In this Issue. 

BP42: 50 SIMPLE L.E.D. CIRCUITS 
$5.85 

Contains 50 interesting and useful 
circuits and applications, covering 
many different branches of elec· 
tronics, using one of the most inex
pensive and freely available com
ponents. 

BP85: INTERNATIONAL TRANSI 
STOR EQUIVALENTS GUIDE $9.00 
This book is designed to help the 
user find possible substitutes for a 
popular user-oriented selection of 
modern transistors and includes 
devices produced by over 100 
manufacturers. 

BP140: DIGITAL IC EQUIVALENTS 
AND PIN CONNECTIONS $15.00 
Shows equivalents and pin connec· 
lions of a popular user orientated 
selection of Digital Integrated Cir· 
cuits. Includes European, American 
and Japanese devices. 

BP131: MICRO INTERFACING CIR· 
CUlTS· BOOK 2 $8.00 
Intended to carry on from Book 1, this 
book deals with practical applica· 
lions beyond the parallel and serial 
interface. "Real world" interfacing 
such as sound and speech genera
tors, temperature and optical sen
sors, and motor controls are discuss
ed using practical circuit descrip
tions. 

BP100: AN INTRODUCTION TO 
VIDEO $5.85 
This is a book for the person who has 
just, or is about to buy or rent some 
video equipment but is not sure what 
it is all about. 

BP125: 25 SIMPLE AMATEUR BAND 
AERIALS $5.85 
This book describes how to build 25 
amateur bank aerials. The designs 
start with the simple dipole and pro· 
ceed to beam, triangle and even a 
mini-rhombic. 

BP136: SIMPLE INDOOR AND 
WINDOW AERIALS $7.00 
People living in apartments who 
would like to improve shortwave 
listening can benefit from these in
structions on optimising the indoor 
aerial. 

BP141: LINEAB IC EQUIVALENTS 
AND PIN CONNECTIONS 
ADRIAN MICHAELS $23.80 
Find equivalents and cross
references for both popular and 
unusual integrated circuits. Shows 
details of functions, manufacturer, 
country of origin, pinouts, etc.,. in
cludes National, Motorola, Fairchild, 
Harris, Motorola, lntersil, Philips 
ADC, AMD, SGS, Teledyne, and many 
other European, American, and 
Japanese brands. 

BP156: AN INTRODUCTION TO QL 
MACHINECODE $10.00 
The powerful Sinclair QL microcom. 
puler has some outstanding capabi· 
lilies in terms of its internal struc
ture. With a 32·bit architecture, the 
QL has a large address range, ad· 
vanced instructions which Include 
multiplication and division. These 
features give the budding machine 
code programmer a good start at ad· 
vanced programming methods. This 
book assumes no previous know
ledge of either the 68008 or machine 
code programming. 
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BP7: RADIO AND ELECTRONICS 
COLOUR CODE AND DATA CHART 

$3.00 
Opens out to Wall Chart approxi
mately 584 x 457 mm. Includes many 
Radio & Electronics Colour Codes in 
use in UK, USA, Europe and Japan. 
Covers Resistors, Capacitors, 
Transformers, Field Coils, Fuses. 
Battery Leads etc. 

BP144: FURTHER PRACTICAL 
ELECTRONICS CALCULATIONS 
liND FORMULAE $15.00 
This book covers many aspects of 
electronics where a knowledge and 
familiarity of the appropriate for
mulae is essential for a fuller 
understandings of the subejct. An 
essential addition to the library of all 
those Interested in electron lcs be 
they amateur, professional or stu
dent. 

ELEMENTS OF ELECTRONICS· AN 
ON-GOING SERIES 
F.A. WILSON, C.G.I.A., C.ENG., 
BP82: BOOK 1. THE SIMPLE ELEC· 
TRONIC CIRCUIT AND 
COMPONENTS $11.70 

BPn: BOOK 4 MICROPROCESSING 
SYSTEMSANDCIRCUITS $11.80 
Although written especially for 
readers with no more than ordinary 
arthmetical skills, the uS<l of 
mathematics is not avoided, and all 
the mathematics required is taught 
as the reader progresses. 

Each book Is a complete treatise of 
a particular branch of the subject and 
therefore, can be used on Its own 
with one proviso, that the later books 
do not duplicate material from their 
predecessors, thus a working know
ledge of the subjects covered by the 
earlier books Is assumed. 

BOOK 1. This book contains all the 
fundamental theory necessary to 
lead to a full understanding of the 
simple electronic circuit and Its main 
components. 

BOOK 2. This book continues with 
alternating current theory without 
which there can be no comprehen
sion of speech, music, radio, televi
sion or even the electricity utilities. 

BOOOK3. Follows on semiconduc
tor technology, leading up to tran
sistors and integrated circuits. 

BOOK 4 A complete description of 
the Internal workings of micro
processor. 

BOOK5 A book covering the whole 
communication scene. 

BP180: ELECTONIC CRICUITS FOR 
THE COMPUTER CONTROL OF 
MODEL RAILWAYS $9.00 
The projects In this book consists of 
various types of controller, including 
a high quality pulse type, as well as 
circuits for train position sensing, 
signal and electronic points control 
and many more. 

BP194:: MODERN OPTO DEVICE 
PROJECTS $9.00 
This book provides a number of prac
tical designs for beginners and ex
perienced project builders. These 
projects utilize a range of modern 
opt~lectrlc devices, Including such 
things as fibre optics, ultra bright 
LEOs and passive IR detectors. 

BP37: 50 PROJECTS USING RELAYS, 
SCR's A TRIACS $7.80 
F.G. RAVER, T.Eng~CEI),A .. oc. IERE 
Relays, silicon controlled rectifiers 
(SCR's) and bl-d.lrectional triodes 
(TRIACs)- have a wide range of ap
plications In electronics today. This 
book gives tried and practical work
Ing circuits which should present the 
minimum of difficulty for the en
thusiast to construct. In most of the 
circuits there Is a wide latitude In 
component values and types, allow
Ing easy modification of circuits or 
ready adaptation of them to in
dividual needs. 
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BP147: AN INTRODUCTION TO 8502 
MACHINE CODE $10.00 
The popular 6502 microprocessor is 
used in many home computers; this 
is a guide to beginning assembly 
language. 

BP225: A PRACTICAL INTRODUC· 
TION TO DIGITAL ICs $7.00 
This book deals mainly with TTL type 
chips such as the 7400 series. Simple 
projects and a complete practical 
construction of a Logic Test Circuit 
Set are included as well as details for 
a more complicated Digital Counter 
Timer project. 

BP47: MOBILE DISCOTHEQUE 
HANDBOOK $7.80 
Divided into six parts, this book 
covers such areas of mobile "disco" 
as: Basic Electricity, Audio, Ancillary 
Equipment, Cables and Plugs, Loud
speakers, and Lighting. All the infor
mation has been considerably sub
divided for quick and easy reference. 

BP59: SECOND BOOK OF CMOS IC 
PROJECTS $7.80 
This book carries on from its 
predecessor and provides a further 
selection of useful circuits, mainly of 
a simple nature. the book will be well 
within the capabilities of the begin
ner and more advanced constructor. 

BP44: IC 555 PROJECTS $10.00 
E.A. PARR, B.Sx., C.Eng., M.t.E.E. 
Every so often a device appears that 
is so usefu I that one wonders how 
life went on before without II. The 555 
timer Is such a device included In this 
book are Basic and General Circuits, 
Motor Car and Model Railway Cir
cuits, Alarms and Noise Makers as 
well as a section on the 556, 556 and 
559 timers. 

BP95: MODEL RAILWAY PROJECTS 
$7.80 

Electronic projects for model rail
ways are fallry recent and have made 
possible an amazing degree of 
realism. The projects covered Include 
controllers, signals and sound ef
fects: striboard layouts are provided 
for each project. 

BP93: ELECTRONIC TIMER 
PROJECTS $7.80 
Windscreen wiper delay, darkroom 
timer and metronome projects are In
cluded. Some of the more complex 
circuits are made up from simpler 
sub-circuits which are dealt with in
dividually. 

BP94: ELECTRONIC PROJECTS FOR 
CARS AND BOATS $7.80 
R.A. PENFOLD 
Projects, fifteen In all, which use a 
12V supply are the basis of this book. 
Included are projects on Windscreen 
Wiper Control, Courtesy Light Delay, 
Battery Monitor, Cassette Power Sup
ply, Lights Timer, Vehicle lmmo
blllser, Gas and Smoke Alarm, Depth 
Warning and Shaver Inverter. 

BP49: POPULAR ELECTRONIC 
PROJECTS $10.00 
R.A. PENFOLD 
includes a collection of the most 
popular types of circuits and projects 
which, we feel sure, will provide a 
number of designs to interest most 
electronics constructors. The pro 
jects selected cover a very wide 
range and are divided into four basic 
types. Radio Projects, Audio Pro
jects, Household Projects and Test 
Equipment. 

BPB4: DIGITAL IC PROJECTS $7.80 
F.G. RAVER, T.ENG(CEO,Aasoc.IERE 
This book contains both simple and 
more adanced projects and it is 
hoped that these will be found of help 
to the reader developing a knowledge 
of the workings of digital circuits. to 
help the newcomer to the hobby the 
author has included a number of 
board layouts and wiring diagrams. 
Also the more ambitious projects can 
be build and tested section by sec
tion and this should help avoid or cor
rect tau Its that could otherwise be 
troublesome. An Ideal book for both 
beginner and more advanced en
thusiast alike. 

BP99: MINI· MATRIX BOARD 
PROJECTS $7.80 
R.A. PENFOLD 
Twenty useful projects which can all 
be built on a 24 x 10 hole matrix board 
with copper strips. Includes Door
buzzer, Low-voltage Alarm, AM 
Radio, Signal Generator, projector 
Timer, Guitar Headphone Amp. Tran
sistor Checker and more. 

BP103: MUL nCIRCUIT BOARD 
PROJECTS $7.80 
R.A. PENFOLD 
This book allows, the reader to build 
21 fairly simple electronic projects, 
all of which may be constructed on 
the same printed circuit board. 
Wherever possible, the same com
ponents have been used In each 
design so that with a relatively small 
number of components and hence 
low cost, II Is possible to make any 
one of the projects or by re-using the 
components and P.C.B. all of the pro
jects. 

BP107: 30 SOLDERLESS BREAD-
BOARD PROJECTS· BOOK 1 $9.00 
R.A. PENFOLD 
A "Solder less Breadboard" Is simply 
a special board on which electronic 
circuits can be buill and tested. The 
components used are just plugged in 
and unplugged as desired. The 30 
projects featued In this book have 
been specially delsgned to be built 
on a 'Verobloc" breadboard. 
Wherever possible the components 
used are common to several projects, 
hence with only a modest number of 
reasonably inexpensive components 
II Is possible to build, In turn, every 
project shown. 

BP127:HOW TO DESIGN 
ELECTRONIC PROJECTS $9.00 
Although Information on stand clr
cu II blocks Is available, there Is less 
information on combining these cir· 
cult parts together. This title does 
just that Practical examples are used 
and each Is analysed to show what 
each does and how to apply this to 
other designs. 

BP122: AUDIO AMPLIFIER 
CONSTRUCTION $8.75 
A wide circuits Is given, from low 
noise microphone and tape head 
preamps to a 100W MOSFET type. 
There Is also the circuit for 12V 
bridge amp giving 18W. Circuit board 
or strlpboard layout are Included. 
Most of the circuits are well within 
the capabilities for even those with 
limited experience. 

See order form In this Issue. 

BP108: MODERN ON AMP 
PROJECTS $7.80 
R.A. PENFOLD 
Features a wide range of construc
tional projects which make use of op
amps Including low-noise, low distor
tion, ultra-high Input Impedance, high 
slew-rate and high output current 
types. 

BP98: POPULAR ELECTRONIC 
CIRCUITS, BOOK 2 $9.00 
R.A. PENFOLD 
70 plus circuits based on modern 
components aimed at those with 
some experience. 

BP179: ELECTRONIC CIRCUITS FOR 
THE COMPUTER CONTROL OF 
ROBOTS $12.00 
The main stumbling block for most 
would-be robot builders is the elec
tronics to interface the computer to 
the motors, and the sensors which 
provide feedback from the robot to 
the computer. The purpose of this 
book is to explain and provide some 
relatively simple electronic circuits 
which bridge the gap. 

BP195: AN INTRODUCTION TO 
SA TELL IT!< TELEVISION $15.00 
For the absolute beginner or anyone 
thinking about purchasing a satellite 
TV system, the story is told as simply 
as such a complex one can be in the 
main text. 

BP1 08: $7.00 
Cross-references European American 
and Japanese diode part numbers. 
Besides rectifier diodes, II Includes 
Zeners, LEOS, Dlacs, Trlacs, SCRs, 
OCis, photodiodes and display 
diodes. 

BP88: HOW TO USE OP AMPS 
E.A.PARR $11.80 
A designer's guide covering several 
op amps, serving as a source book of 
circuits and a reference book for 
design calculations. The approach 
has been made as nonmathemalical 
as possible. 

BP85: SINGLE IC PROJECTS $8.00 
R.A. PENFOLD 
There is now a vast range of ICs 
available to the amateur market, the 
majority of which are not necessarily 
designed for use in a single applica
tion and can offer unlimited possi
bilities. All the projects contained in 
this book are simple to construct and 
are based on a single IC. A few pro
jects employ one or two transistors in 
addition to an IC but in most cases 
the IC is the only active device used. 

BP118: PRACTICAL ELECTRONIC 
BUILDING BLOCKS· BOOK 2 $7.80 
R.A. PENFOLD 
This sequel to BP117 is written to 
help the reader create and exper~ 
ment with his own circuits by com
bining standard type circuit building 
blocks. Circuits concerned with 
generating signals were covered in 
Book 1, this one deals with process
ing signals. Amplifiers and filters ac
count for most of the book but com
parators, Schmitt triggers and other 
circuits are covered. 

ORDER BY 
TELEPHONE 

(416) 445·5600 OR 
FAX: 416-445·8149 

ORWRITETO: 
MOORSHEAD 

PUBLICATIONS 
1300 DON MILLS RD., 
NORTH YORK, ON., 

M3B 3M8 
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Find buried treasure and avoid nailing 
through the water pipes with this simple 

but effective metal detector. 

KBTH BRINDlfY 
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lthough this metal detector is cer-
tainly small, it does require a few 
extras. You don't need a car bat
tery for power, a backpack (to put 
it all in) and a six foot dipole an
tenna to make the project work, 
but you do need a small transis
tor radio. The metal detector 

works by transmitting a weak radio wave 
carrier signal around itself, which has to be 
picked up with a nearby radio. 

The carrier signal main frequency is 
in the vicinity of the lower end of the 
longwave band (around 120kHz) and is of 
sufficient strength to interfere with a radio 
within about a foot or so. The interference 
is heard as a whistle from the radio's loud 
speaker. As the whistle changes frequen
cy, you know the metal detector is ap
proaching a metal or metal-like object. 

Sensitivity is pretty good considering 
how simple the project is. With a remote 
pickup coil metals can be detected from a 
distance of six inches or so. Even when the 
pickup coil is mounted on the project's 
case (as ours is) metals can be detected 
from around three or four inches. 

How It Works 
The circuit is a Colpitts oscillator, formed 
around transistor Ql which is connected 
to a common base amplifier. Positive feed
back is applied from the collector to the 
emitter via the AC potential divider 
formed by the series connected capacitor 
C2andC3. 

Capacitors C2 and C3 also form one 
arm of a parallel LC circuit. The circuit's 
resonant frequency is given by the 
relationship 

f= 1 
2'1Ty(LC) 

and is around 120kHz. Conversely, we can 
calculate from the relationship that the 
coil inductance is around 0.88mH. Try it 
for yourself. 

Coupled in this way, the transmitter 
amplifier becomes a weak radio transmit
ter, transmitting a carrier wave frequency 
of around 120kHz. Now this is actually 
slightly below the frequencies which are 
normally found on the radio dial (usually 
550kHz to 1600kHz). This means that if 
the metal detector's transmitted carrier 
were pure, radios could not be used to 
pick up the oscillations. Fortunately, oscil
lations are not of a pure sine wave nature, 
so many harmonics of the resonant fre
quency are also formed, going right up 
through the long and medium wavebands 
and beyond 
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design. 
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The project functions as a metal 
detector simply because the actual induc
tance of the resonant frequency's coil 
varies with the proximity of local metallic 
bodies. Ferromagnetic bodies particularly 
concentrate the magnetic flux within the 
coil, so increasing the coil's inductance 
and lowering the resonant frequency of 
the oscillator. 

A local transistor radio is used to pick 
up the weak carrier signals produced by 
the metal detector, along with a carrier 
wave of another radio transmission (of a 
broadcast nature). The two carriers 
heterodyne (interfere) to produce an 
audible beat frequency from the 
transistor's loud speaker. The beat tone is 
stable, until a metal object approaches the 
detector's coil Then the coil's inductance 
varies, causing the resonant oscillation fre
quency to vary and in turn causing the beat 
tone to vary. So the user hears, simply by a 
change of the beat's tone pitch, that the 
coil is somewhere near a metal object. 

Construction 
Two ways are suggested to build this 
project - either on PCB or stripboard. 
Both methods are straightforward and 
apart from a few points are more or less 
self-explanatory. 

On PCB, construction needn't follow 
any particular order, although it's probably 
best to leave the transistor until last. 
Whatever, go easy on the heat. Solder only 
one leg of each component at a time, then 
leave the component to cool before 
moving on to solder the next leg. 

On stripboard it's probably best to 
stick to a conventional order, still main
taining heat precautions. Insert and solder 
the single wire link, followed by resistors, 
capacitors, and the flying leads to 
peripheral components. Lastly, insert the 
transistor Ql and, when you've made it, 
the coil 

Whichever construction method you 
choose, check that no unwanted solder 
links or bridges are present between com
ponent leads. 

The coil Ll needs to be wound First, 
fmd a former on which to wind it - some
thing of an external circumference of 
about 220mm, although this measurement 
is by no means critical For reference, we 
used the widest part of a 250ml. bottle of 
baby lotion. Alternately, a piece of thick 
card about llOmm long could be used to 
hand-wind the coil. Make 100 turns of 
30swg enamel- covered copper wire, leav
ing sufficient ends to connect between the 
coil's final position and the PCB. 

When you've wound the coil, fasten it 
together in two or three places around its 
circumference with tape and slip off its 
winding former. Adjust its shape to suit. 

Before you solder the ends of the coil 
into the PCB, make sure you scrape off 
the enamel from the copper wire for about 
Smm from each end so they can be 
soldered If you are using polyurethane 
coated insulated copper wire, there is no 
need to scrape off the insulation as the 
copper is self-fluxing on application of 
heat from a soldering iron. 

Any suitablt: size box can be used to 
house your project, although the PCB is 
exactly the right size to fit the box used. 
The only real precaution you need to take 
is to mount the coil on the outside of the 
case (if it's on the inside its inductance is 
fixed primarily by the PCB and associated 
components, not by metals you wish to 
detect) or better still, remotely. 

Setting Up 
Setting up is simplicity itself. Turn on your 
radio and, while you press the metal 
detector's push-button on/off switch, ad
just the radio's frequency tuning control 
until you hear a whistle. When you release 
the push-button the whistle should stop. If 
not, the whistle isn't caused by the metal 
detector and you should readjust the 
radio's frequency tuning controL 

Test the metal detector by moving it 
closer to metaL The whistle from the radio 
will change frequency. • 

PAATS.11ST 
Resistons 
(all l)4W, 5%) 
R1 ............................................... 150R 
R2,R3 ............... , ............................ 33k 

Capacitors 
C1 ............... lOu 16V axial electrolytic 
C2 .................................... 2n2 ceramic 
C3 .................................. lOOn ceramic 

SerriConductor 
Ql ........................ BC182Lor 2N3904 

M"tseellaneous 
SWl .............................. Push-to-make 
L1 .. ; ............................ Handmade coil 

PCB; case; 9Vbattetyand clip; 30swg 
enamel covered copper wire for coil Ll. 
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Audio: 
Periodicity and Perceptions 

Why do two speakers with identical specifications 
sound different? We look at a unique method of 

audio testing that reveals some answers. 

Build a Peak Program Meter 
The VU meter tells only part of the story of signal 
levels. The peak program meter, long a standard in 
European professional audio, gives a much more 

accurate picture of what's going on the tape. 
Build one and see! 

Digital Storage in TVs 
The high definition system may be a long time in 

coming because of price and compatibility 
problems. Digital processing of the signal may fill 

the gap, as we explain how frame storage can greatly 
improve the image as well as adding special features. 

Plus, of course, the usual projects, articles and news! 
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Entering 11 The Profession of the 80s 11 ••• and beyond 
Computer Literacy Home -Study Diploma Program 

. SOFTWARE SPECIFICATIONS 

• MS-DOS: The general purpose 
operating system by Microsoft. 

• GW-BASIC: An IBM PC and xr· 
compatible programming language by 
Microsoft that provides capability to 
program and run applications. 

1. IBM PC/XT'~ COMPATIBLE PACKAGE {Minimum Specs.) 
• Mother Board (8088 micro-processor,4.77 MHz, 512K RAM memory 

minimum, ExpansionSlots,(BIOS included.) • Monochrome Adapter 
Card anc!Parallel Printer Adapter (hi-res text;8o x 25, with 

compatible graphics.) • Disk VO Card for two disk 

• DBASE III'M(Educational version) : 
A state-of-the-art relational database 
that is widely used in business and 
industry. 

• SUPERCALCM(Educational version) : 
An electronic spreadsheet program. 

drives. • 2 Floppy Disk Drives (DS/DD,360K, 
half-height)• Monochrome Monitor 

• 135W Power Supply. 

2. DOTMATRIXPRINTER 
80 columns, draft and near 

letter quality modes. 

• WORDST AR'M (Educational 
version) : An easy-to-use word 
processing program which makes 
1t possible to arrange text on the 
screen as you want it to appear 
when printed. 

PHONE FOR FREE 
COLOUR BROCHURE 

(416) 842-8383 

• IBM is a AegiSlered Trademark 
ofiB•ACotPO<atiOn . 

---.=s=:'~~ -"""""""· ......... .- ~ ~~~: ~ --:: 
===~ TRAINING THE IWJRLO FOR THE 21ST CENruRY 

National Technical Schools 
517 Bohemia Cres, Oakville, Ontario 
L6J 2K7 (416) 842-8383 

School Head Office: 456 W.Martin Luther King Jr.Bivd., Los Angeles, CA 90037 
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.Clean up your act and make sure 
you get your m~e across to 

- your audience loud and dear. 

. ROBfRT PfNfOlU 

noise gate is extremely simple in es
sence, and the basic idea is to have 
an electronic switch which enables 
the input signal to pass through to 
the output, but cuts the signal 
path when no signal is present. 
Units of this type are normally 
used on signals which contain a 

fair amount of noise, either in the form of 
background hiss or mains hum. The noise 
would tend to be very obtrusive during 
pauses in the main signal, and switching it 
out during these periods can therefore 
make a worthwhile improvement in the 
subjective quality of the signal. 

Noise gates are used in various ap
plications, but are mainly used in com
munications systems to clean up noisy 

. voice links, or in electronic music systems. 
In the case of the latter they are often 
needed to combat the mains hum that is 
present on the output of some instru
ments, or which occurs due to ground 
loops which prove to be difficult to eradi
cate, but may also be used to combat tape 
noise or hiss type noise from other sources 
such as certain types of effects unit. 

Noise gates are sometimes utilized as 
a form of effects unit themselves, and can 
be used to give an abrupt cutoff to an in
strument which has a long decay time. In 
this role the unit is really operating as an 
envelope modifier rather than as a noise 
gate, although it is still the noise gate name 
which is normally applied to units of this 
type. 

Zero Point Switching 
Although simple in theory, some noise 
gate designs are quite complex. It is one of 
those things where a basic design can be 
built using a handful of components, but 
one which gives really good results needs 
to be much more involved 

The main problem with very basic 
types is that they tend to generate switch
ing clicks as they switch on and cut off 
again. The importance of this depends on 
the application, but a design which does 
not generate these glitches will almost in
variably sound noticeably better than one 
which does, and in some electronic music 
applications the difference can be very 
noticeable indeed. 

There are two main approaches to 
avoiding the switching glitches, and these 
are predictive switching and zero point (or 
crossover) switching. With predictive 
switching the gate appears to predict that 
the signal is about to commence, and 
switches on just before it does so. 

What is actually happening is that the 
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switch is being activated in the normal way With the zero point switching glitches. 
by detecting the commencement of the waveform of Fig. l(b) the switch-on has 
input signal, but the signal to be gated is been held off until the end of the half System Operation 
fed to the switch via a delay line so that the cycle, so that the output signal from the The block diagram of Fig. 2 shows the 
switch has time to close before the signal gate starts at the beginning of a half cycle. general arrangement utilized in the Stereo 
reaches it. This system can still produce a There is no sudden rise in the signal to a Noise Gate, and although this looks rather 
switching glitch when the signal is cut off, high leve~ and no click will be evident on involved, the basic means of operation is 
although in most cases the signal is not the output signal. This system is less than actually quite straightforward. 
switched off until it has decayed to a very perfect in that a few milliseconds at the Each channel has an electronic switch 
low level, and any switching glitch is then beginning of the signal are lost, but in which is used to switch the input signal 
likely to be so small as to be unnoticeable. practice it is highly unlikely that this would through to the output, or to block its path, 

This noise gate design uses the alter- ever be noticeable. depending on the input signal level. A 
native of zero point .-----,.-------------------------~ buffer amplifier ahead 

switching, which is , 1\ (\ <a> (\ of each switch 
slightly more simple provides the unit with 
and less expensive to a reasonably high 
implement, and which v v \JJ input impedance 
seems to give better while a buffer stage 
overall results. With following each switch 
this method it is ac- gives the unit a low 

cepted that by the time i '· ·····... (\ < b > (\ output impedance. the circuit has detected The basic function 
the start of an input the noise gate must 
signal it will have al- v v \j provide is to generate a 
ready reached the signal to turn on the 
electronic switch, but switches if the input ex-
switching glitches are ceeds a certain 
avoided by holding off Fig. I. In wavefonn (a) the signal is cut on mzd off near its peak /eve~ producing "clicks" threshold leve~ or to 
the switching on of the that are absent from the wavefomt shown in (b). switch them off if the 
gate until the signal signal is below this 
passes through the level. With a stereo 
zero volts crossover noise gate it is normal 
point. for the two channels to 

The waveforms be switched in unison 
shown in F~g. 1 helps to ,:;;, '" as the action of the unit 
explain the way in OWU< oecomes much more 
which this eliminates apparent if they 
the switching clicks. In operate independently. 
Fig. l(a) there is no Therefore, the output 
zero point switching, of each input buffer 
and the gate actually amplifier is coupled to 
switches on at the worst a mixer stage, and the 
posszble time, which is .::, ."::;,, gating signal is derived 
at the peak of a half fr~m the output of the 
cycle. This gives a signal nuxer. 
which rises almost in- With this system 
stantly to the peak leve~ there is actually no 
and in doing so it rigidly defined level at 
produces strong high Fig.2 17ze block diagram for the Stereo Noise Gate. Although it looks quite complex the which the gate is ac-
frequency components actual operation is quite straightj01ward (see text). tivated in the sense 
which give the switching that the threshold level 
click sound Switching glitches can also occur is the sum of the input levels, rather than at 

With a combination of high when the signal is switched off again. a certain level on one or other of the in-
amplitude and high frequency com- These are caused by a similar effect, with puts. This gives perfectly good results in 
ponents this glitch will stand out clearly the output signal suddenly being switched practice though, and helps to simplify the 
against most types of signal. Of course, the from (possibly) a high amplitude to zero. unit slightly. 
signal will not always be switched on when Often the signal will be at a low level by 
it is at or near its peak leve~ but in practi- the time it is switched off, but ideally the 
cal tests with a variety of signals a simple zero point switching should also be active 
noise gate was found to generate strong at switch-off so that a high cut off 
switching glitches far more times than they threshold can be used if desired, without 
were very weak or absent. the risk of any significant switching 
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Amplifier 
It will often be necessary for the gate to be 
activated at quite low signal levels of 
around -40dB or less, and a large amount 
of amplification is needed after the mixer 
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Stereo Noise Gate 
in order to produce a strong enough signal 
to drive the switch control circuits properly. 
Two stages of amplification are used, with 
a gain control fitted between these two 
stages. This acts as the trigger level control. 

A buffer stage follows the second 
amplifier, and the purpose of this is to 
provide a very low output impedance so 
that the next stage can be driven properly. 
This stage is a smoothing and rectifier cir
cuit, and the low drive impedance permits 
a very rapid attack time of under a mil
lisecond to be achieved. 

A very fast attack time is essential in 
this application in order to ensure that an 
insignificant amount of signal is lost before 
the electronic switches are closed The 
decay time must be somewhat longer so 
that the unit responds to the overall 
amplitude of the input signal, and not to 
individual half cycles (which would result 
in severe chopping of the signal). 

Trigger Levels 
The smoothing circuit feeds into a trigger 
circuit which provides two functions. Fust
ly, it provides a logic compatible output 
from the input signal which will be at non
logic voltage levels and will vary relatively 
slowly rather than cleanly switching be
tween two levels. 

Secondly, it introduces a small amount 
of hysteresis, which simply means that the 
threshold level at which the unit switches to 
the "on" state is higher than the one at 
which it reverts to the "ofP' state. This reluc
tance to change state avoids having the unit 
rapidly switching between the two states 
when the input signal drops close to the cut 
off point. 

With a simple noise gate the output 
from the trigger circuit would be used to 
directly drive the electronic switches, but 
in this case the switches must be driven via 
zero crossing detector and control logic 
circuits. Each electronic switch is driven 
from a flip/flop circuit, and these are of the 
basic SIR (set/reset) type. 

A flip/flop of this type has two inputs 
called the "set" and "reset" inputs, and 
there are two outputs called the "Q" an~ 
"not Q" outputs. The outputs always h~a 
the opposite states to one another, and· 
this case only the Q outputs are us . 
These are set high by a positive pulse t? 
the set input, and set low again by a posi
tive pulse to the reset input. In this case, 
the set pulses close the electronic switch, 
and the reset pulses open it again. 

I 

Voltage Comparator 
Two voltage comparators provide zero 
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C10 
100~ 

010 
1NI.148 

011 
1NI.11.8 

IC~ 
PINS 12.13,,. 

IC6c 
1.001BE 

• 

res 
PIN 6 

Fig.4. Circuit diagram for the zero crossing detector, gate and flip/flop stages. This circuit is 
repeated for the stereo channel. 

crossing detection, and these are set up in 
such a way that both their outputs go high 
if the input voltage is within a few millivolts 
of zero volts. The two outputs are fed to a 
gate circuit, along with the output from the 
trigger circuit. 

The gate is designed to provide a 
positive output only if all three inputs are 
high, and it provides the set signal for the 
flip/flop. In other words, the desired action 
is obtained, with the trigger output going 
high, but the electronic switch not being 
activated until the signal reaches the zero 
crossover point and the outputs of both 
comparators go high as well. 

The reset pulse is produced by a 
second gate circuit, and it is fed from the 
same sources. However, it differs from the 
other gate in that it generates a high out
put level when the outputs of the voltage 
comparators are high, and the trigger out
puts is low (not high). Thus the electronic 
switch is turned off when the trigger out
put goes low, but only when the com
parators detect that the input signal has 
entered the zero crossing zone. 

As the signal in each channel will nor
mally be different, a separate zero crossing 
detector and control logic circuit is 
needed for each channel This means that 
the two channels will not be switched 
precisely in unison except when the two 
signals just happen to pass through the 
zero point simultaneously. However, the 
time difference between the two channels 
E&TT November 1988 

switching will usually be no more than a 
few milliseconds, and is unlikely to be 
noticeable. 

Circuit Operation 
The main circuit diagram of the Stereo 
Noise Gate appears in Fig. 3, with the zero 
crossing detector gate circuit shown 
separately in Fig. 4. Note that this circuit is 
for ONE channel only, and that for stereo 
operation much of the circuitry is dupli
cated in the second channel. 

The input and output buffer 
amplifiers ICla and IClb (Fig. 3) are both 
standard non-inverting types. The input 
impedance of the unit is nominally lOOk. 
IC2 is the electronic switch and this is a 
CMOS 4016BE quad SPST type. One of 
the four switches is used in the other 
stereo channel, but the other two are 
simply ignored. 

The input of IClb must not simply be 
left floating when IC2 is switched off, as it 
would almost certainly drift away from the 
normal bias leve~ and this would cause a 
switching click each time the switch was 
activated. Resistor R4 is therefore used to 
bias IClb's input to half the supply voltage 
during the periods when IC2 is open. 

The mixer stage IC3 is a conventional 
summing mode type. It is designed to have 
a certain amount of gain, and it therefore 
doubles as the first of the amplifier stages. 

The potentiometer VRl is the 
Threshold control, and this feeds into the 

second amplifier which is a high gain type 
which has TRl operating in the common 
emitter mode. This amplifier will often be 
considerably overloaded, and diode Dl is 
needed to prevent this from driving the 
biasing well off its correct leve~ which 
could cause the circuit to occasionally 
malfunction. 

The buffer amplifier uses IC4 in the 
inverting mode with TR2 and TR3 as a 
discrete class-B output stage which gives 
the circuit a high drive current capability. 
The circuit does exhibit a small amount of 
voltage gain, but only about lOdE Gust 
over three). 

Decay Time 
Diodes D2 and D3 are the rectifier circuit, 
and capacitor C9 is the smoothing 
capacitor. Resistor R15 sets the decay 
time, and with the specified value this is 
quite short (less than lOOms). The decay 
time can be altered by changing the value 
of R15 though, or a potentiometer could 
be used here to give an adjustable decay 
time. The decay time is proportional to the 
value ofR15. 

Diodes D4 and DS limit the voltage 
produced across capacitor C9 to no more 
than about 1.3V, and this helps to give 
consistent results. Without this limiting 
some signals would generate a very strong 
voltage on C9 which would take a long 
time to fall to the switch-off threshold volt
age, and this would give inconsistent decay 
times. 

ICS operates as the trigger circuit 
with positive feedback and hysteresis in
troduced by resistor Rl9. The LED in
dicator D6 is driven from the output of 
ICS by way of emitter follower buffer TR4, 
and D6 indicates when the gate has been 
activated. 

Zero Crossing Detector 
Focussing our attention on the zero cross
ing circuit, Fig.4, IC7 is a dual operational 
amplifier but in this circuit both sections 
are connected to act as voltage com
parators. The resistor/capacitor network 
(R23 to R27 plus Cll) provides suitable 
reference voltages, but note that the circuit 
is not strictly speaking a true zero crossing 
detector. What it is really detecting is 
when the signal voltages is close to its 
quiescent bias level, which is about half the 
supply voltage. 

The two gates are both 3-input AND 
types formed from three diodes and a 
resistor. In the case of the gate that 
generates the reset signal, the input that is 
fed from the trigger circuit's output is 
preceded by an inverter (IC6c), so that 
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Stereo Noise Gate 

~ +CD1 

Fig.S. Component layout and full size printed circuit board copper foil master pattem of or the Stereo Noise Gate. 17ze components with an
notatioi!S of one hundred added are for the second channel. 

46 E&TT November 1988 



when the trigger provides a low output 
level the input to the gate goes high and 
generates the reset pulse. 

The flip/flop is a conventional CMOS 
type formed by cross coupling a couple of 
2-input NOR gates, IC6a and IC6b. One 
of the other gates in IC6 is used as the in
verter mentioned above, but the other gate 
is left unused. 

The current consumption of the cir
cuit is about 18rnA when in the standby 
state, and around 25rnA when activated 
(and the LED indicator switches on). 
Power is supplied by a fairly high capacity 
9V battery, such as a PP9 type of six HP7 
size cells held in a plastic battery holder. 

Construction 
Apart from the usual off-board com
ponents such as the sockets and the con
trols, the components are all mounted on 
the printed circuit board, as detailed in 
Fig. 5. There are quite a few components 
to fit onto the board, but provided things 
are taken steadily with no undue rushing 
there should be little difficulty in con
structing the board successfully. 

Be careful to fit the electrolytic 
capacitors and semiconductors the right 
way around, and bear in mind that IC2, 
IC5, and IC6 are MOS input types. These 
require the normal antistatic handling 
precautions, and the most important one 
of these is to use sockets for these devices 
and not to plug them into the circuit board 
until all other construction is completed. 

A number of link wires are required, 
and these can be made from about 20swg 
tinned copper wire, or trimmings from the 
resistor leadouts are suitable if suitable 
wire is not to hand. Fit pins to the board at 
the points where connections to the off
board connections will eventually be 
made. 

With this project we are using the 
convention of having the component num
bers in the second stereo channel equal to 
those in the first channel but with one 
hundred added Of course, many of the 
components in this case are common to 
both channels, and therefore only appear . 
with the basic indentification numbers. If a 
monophonic noise gate is required, build 
up the board in the normal way but omit 
any components which have identification 
numbers more than one hundred. 

Case 
An instrument case having dimensions of 
about 203mm by 127mm by 51mm is used 
as the housing for the prototype, but any 
case of around the same size would 
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probably be equally suitable. Bear in mind 
though, that the board is almost 190mm 
wide, and the width dimension of 203mm 
represents something approaching the 
minimum that is usable. 

The printed circuit board is mounted 
on the base panel of the case, and I used 
self-adhesive nylon supports, but obviously 
conventional mounting pillars or spacers 
and mounting bolts can be used if 
preferred. Fit the board well forward so 
that there is sufficient space for the battery 
at the rear of the unit, but leave enough 
room to accommodate front panel 
mounted components. The sockets 
specified in the components list are phono 
types, but an alternative audio connector 
may well be more convenient with your 
particular set up, and the sockets should 
be changed to a more suitable type if 
necessary. 

There is little in the way of hard 
wiring, and there should be no real 
problems in completing this. Ideally, the 
leads from the board to the input and out
put sockets should be screened, but this is 
not essential provided these leads are kept 
reasonably short. 

In Use 
With the Threshold control VRl well 
backed off the effect of the unit should be 
readily apparent with the signal being 
coupled through to the output only during 
a fairly high level. If VRl is set in a fully 
anticlockwise direction the signal should 
be continuously cut off. D6 should switch 
on and off in sympathy with the signal 
being cut on and off. With VRl well back
ed-off the unit is only really usable as a 
musical effects unit, and it would not nor
mally be set up in this way for true noise 
gate applications. 

To adjust the unit for use as a noise 
gate . the unit must first have the signal 
source connected to its input. There 
should be no signal present through, just 
the background noise that must be sup
pressed. 

With the Threshold control VRl well 
advanced D6 should light up. VRl should . 
then be backed-off just far enough to 
switch-off D6, or if D6 does not switch on 
even with VRl fully advanced, then VRl 
should be left fully advanced. 

Subjectively, results might be better 
with VRl back-off slightly from the point 
where the unit only just cuts off the signal 
before it fully decays. It is worthwhile ex
perimenting a little with the setting of VRl 
to determine the setting which gives the 
best results in practice. • 

Resistors 
Rl,R3,R4, 
R7,Rll,R12, 

PARTS 
liST 

R13,R27,R101 ............. ......... .. 10k (3) 
R103,R104 
R107,R127 
R2,R17,R102 ..................... ... 100k(3) 
RS,R6 ...................................... 15k (2) 
R8,R15 ............................ ........ 47k (2) 
R91M8 
R10,R21,R22 
R121,R122 .............. ... .......... ... 4k7 (5) 
R14 33k 
R16220k 
R186k8 
R198M2 
R201k 
R23,R26,R123,R126 .... ....... .. 2m2 ( 4) 
R24,R25,R124,R125 ..... ......... 2k2 (4) 

All 0.25W 5% carbon 

Capacitors 
Cl,ClO,Cll 
ClOl,CllO .... ........ lOOu elec.lOV (5) 
C2,C102 ...... ......... ............ .... 220n (2) 
C3,C103 .......... ... ..... 10u elec.25V (2) 
C4,C6,C7,C8,C104 2u2 elec.63V (5) 
C5 .. ... ... ...................... .. .. .4u7 elec.63V 
C9 ..... .............. ...... ... ................. ... .470n 

Potentiometer 
VRl. .. .... ...... .... ........... .. .......... lOk log. 

Semiconductors 
1Cl,IC10l .... LF353 dual op amp (2) 
IC2 .. .4016BE CMOS analog switch 
IC3,IC$ ................ .. ... 741 op amp (2) 
ICS ...... .... CA3130E CMOS op amp 
IC6 
IC106t001BE CMOS NOR gate (2) 
IC7,IC107 ..... 1458c dual op-amp (2) 
Dl,D2,D3, 
D7-D12 
D107-D1UN4148 silicon diode (15) 
D4,D5 .. .. . IN4002 rectifier diode (2) 
D6 ............ .... ... ......... Red panel LED 
TR1,TR2 ..... BC547,2N3904 npn (2) 
TR3 ............ .................. .. 2N3906 pnp 
TR4 .............. ..... BC549, 2N3904 npn 

Miscelaneous 
Bl ............... .. ................. Six 1.5V cells 

in plastic holder (see text) 
SK1,SK2 
SK101,SK102 .. ...... Phono socket (4) 
Sl .. .. ........... .. ... SPST submin. toggle 

Instrument case about 203x127x51mm; 
printed circuit board; control knob; battel)' 
connector (9V type); 8-pin DIP socket (7); 
14-pin DIP (3); pins, wire, solder,etc. 
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ield effect transistors, or FETs, are 
widely used in electronic circuits 
today and are taking over many of 
the tasks for which we previously 
used the bipolar junction transistor. 

We will look at the difference between 
the two types, but before we can do 
that, we must say something about 

semiconductor junctions. 
There are two types of semiconduct

ing material, p-type and n- type. There is 
not enough space here to go into the na
ture of these materials, or precisely what 
their names mean, but the essential point 
is that something interesting happens 
when we join p-type with n-type. 

The pn junction (Hg.l) is the basis of 
many semiconductor devices. The simplest 
of these is the diode which consists of a 
single pn junction. A diode conducts in only 
one direction. This is because of the nature 
of the pn junction. What happens is that 
when the two types of material are placed in 
contact, a potential difference appears be
tween them. The n-type has a potential of 
0.7V higher than the p-type. Further, on 
either side of the junction, there appears a 
depletion zone, a zone in the semiconduc
tors in which there are no carriers of electric 
charge (eg, no electrons). 

To make current flow across the junc
tion we apply a voltage greater than 0.7V as 
in Hg.2. This overcomes the voltage be
tween p-type and n-type, the depletion zone 
disappears and the diode conducts. It is said 
to be forward-biased But if we apply a 
reverse voltage, the depletion zone simply 
becomes wider, as in Hg3. There is no con
duction. 
48 
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Fig. I. Il!e Diode, diagram and circuit 
symbol. 

Fig.2. Forward-biased, diode conducts. 

OV~+V 
~-.--

OE P LE11Q N 
ZONE 

Fig.3. Reverse-biased, diode does not 
conduct. 

Bipolar Junction Transistor 
Now we are ready to look at the action of 
a bipolar junction transistor, Hg.4. The 
npn transistor (the commonest type used 
today) .has a very thin layer of p-type (the 
base) sandwiched between two n-type 
layers (collector and emitter). 

Taken together, the base and the 
emitter form a diode, as do the base and 
collector. If the base is made positive of 
the emitter (more than 0.7V), current 
flows in at the base and out at the emitter. 

It might be thought that it is impos
sible for any current to flow from collector 
to emitter, since the collector-based diode 
would be reversed-biased. However, be
cause the base layer is so thin, quite the 
opposite occurs. As Hg.4 shows, when a 
small base current IB flows from the base 
to emitter and the collector is a few volts 
positive of the emitter, it causes a much 
larger collector current IC to flow from 
collector to emitter. 

Electronic Switch 
By turning the base current on or off, we 
can turn the collector current on and off
the transistor works as a switch. Since the 
collector current is much bigger than the 
base current (20- 200 times) we can also 
use the transistor as a current amplifier. 

Field Effect Transistor (FETI 
The FET works in an entirely different 
way. Fig5 shows it to be a single bar of 
semiconductor material (n-type in this ex
ample, but it could be p-type). Current 
flows freely along the bar of n-type 
material Normally one end, the drain, is 
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Fig.4. Bipolar jzmction transistor, 
diawam and circuit symbol. 
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Fig.S. Jwzction FET, dia[j-am and circuit 
symbol. 

i ·6 V 

+ .,. 
I F l.YING 

I LEAD 
TR1 81 1 

I 
I 

...L II ? 
100 

.,. 
82 I 

-L... 
T - 6V 

0 

Fig.6. Circuit dia!JWn demonstrating 
switching action of an FET. 
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made positive of the other end, the source, 
so electrons flow from the source to the 
drain. 

To one side of the bar is a small region 
of p-type material, the gate. This is sur
rounded by a depletion zone , as explained 
above. The depletion zone insulates the 
gate from the drain and the source. 

If the gate is at zero volts ( with 
respect to the source) the depletion zone 
is small. Electrons cannot flow through 
this zone, so it restricts the flow of 
electrons along the bar, but not unduly. 
However, is the gate is made negative of 
the source, the gate and n-type material 
are equivalent to a reverse-biased diode. 
The more negative we make the gate, the 
wider the depletion zone becomes. The 
conducting region of the bar gradually be
comes pinched off, reducing the current 
along the bar. If the gate is made negative 
enough, the depletion zone extends right 
across the bar and no current can flow. 

The action of this type of transistor 
depends not on the flow of current (such 
as the base current of a bipolar transistor) 
but on the effect of the electric field 
caused by the potential of the gate. This is 
why it is called a field effect transistor. 

FET Switch 
A circuit to demonstrate the switching ac
tion of a FEr is shown Fig.6. The LED Dl 
is used to show wether or not current is 
flowing through the FET. The demonstra
tion breadboard component layout for the 
FEr switch is shown in Fig. 7. 

With the flying lead unconnected, 

+6V~· 
1811 

a 
01 

k FLAT "9 
"~~ :n" LEAD 

Rl R2 

ov 

Fig.7. Demonstration breadboard com
ponent layout for the FET Switch.. 

resistor Rl brings the gate potential to OV. 
With the lead unconnected, the lED is on. 

Now touch the flying lead to the -6V 
terminal The negative voltage at the gate, 
makes the depletion zone so wide that the 
drain-source current is pinched off. The 
LED goes out. 

Like the bipolar transistor, the FEr 
can be used as a switch. It has the advantage 
that its switching action is very fast. It has 
another advantage that becomes apparent 
in our next demonstration. 

A simple FET Touch Switch circuit 
diagram is shown Fig.8. The circuit has the 
gate connected by a short lead to a small 
metallic touch plate. This could be a 
thumb tack pushed into a piece of wood 

The demonstration breadboard com
ponent layout for the simple FET Touch 
Switch is shown Fig.9. Switch on the power 
and note that the LED is off. 

Now touch the touch-plate with your 
finger. It is obvious that the amount of cur
rent that passes between you and the gate is 
extremely minute. Yet the act of touching 
the plate is enough to turn the lED on. 

Normally, the touch plate and the gate 
have a potential about 0.7V below that of 
the rest of the transistor. Your body has a 
potential somewhat higher than this. This is 
due to the fact that you are surrounded by 
electromagnetic fields generated by the al
ternating currents flowing in wires in your 
house, or in the power lines outside. Add to 
this the effect of friction as you move 
around, and you finish up with a potential 
relatively higher than that of the gate. 

When you touch the plate, a minute 
ctuTent flows for an instant. The potential of 
the gate is raised, the depletion zone de
creases and the FEr becomes more con
ductive. 

Increased current flows through 
resistor Rl and the potential at point A 
(Fig.8) rises. This causes an increased base 
current to flow from A to TR2, turning 
TR2 on and causing the lED to light. 

This investigation shows that the 
amount of current needed to operate 
FET is virtually nil. Such a device is ideal 
for use in logic circuits where thousands of 
transistors have to be switched on perhaps 

· millions of times a second The saving of 
power is enormous. 

Before leaving this circuit, try wiring up 
the touch plate with a longer lead, say 20crn 
long. Explain the effect of this change. 

Now substitute a short piece of insu
lated wire, stripping at both ends, as the 
touch plate. Try the effect of touching the 
bare end. The effect of touching the insu
lated part of the wire. Can you explain 
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Field Effect Transistors 

Fig.& Ciradt diagram for a simple 
Touch Switch. 17ze touch plate can be a 
metal thumb tack or a piece of strip
board, with tracks interconnected. 

Fig.9 Demonstration breadboard com
ponent layout for the FET Touch Switch. 

'~in 

1<! l 

what is happening? 

Voltage-Controlled Resistor 
The bar of n-type material in FET has a 
resistance which varies according to· the 
width of the depletion zone. The width 
depends on the gate potential Thus we 
have a resistor whose resistance is control
lable by its gate potential. 

How this property may be used is 
shown in Fig.lO Fig.lOa is that well known 
configuration of resistors-the potential 
divider. Vrn is related to Vout like this: 

Vout- Vm +RB 
RA+RB 

If either or both of the resistors are 
variable, Vout can be varied. Fig.lOb 
shows a circuit using a FET in place of 
RB. A variable negative voltage is applied 
to the gate. A typical circuit diagram for a 
FET potential divider is shown in Fig.ll. 
To demonstrate this circuit, connect the 
components on the breadboard as shown 
in Fig.12 and see what happens. 

This type of circuit has many applica
tions as a voltage- controlled attenuator. 
You have probably used a remote-control
ler to adjust the volume on a TV set. At 
some stage in the sound amplifier, the 
sound signal passes through such an atten
uator. The attenuator is controlled by a volt
age from the remote receiver IC (Fig.13). 

Although it is possible to construct an 
attenuator from bipolar transistors, FETs 
are better. This is because they work just 
as well if the voltage between the source 
and drain is only a few millivolts, as it 
might be in a radio amplifier. To work 
without introducing distortion, bipolar 
transistors need several volts across collec
tor and emitter. 

RA 

V in 

1 
I 

I 
9 TR1 

Vgofe v~vt 

1 
(b) 

Fig. JO (a) Standard potential-divider circuit and (b) FET potential divider circuit 
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Fig.ll Demonstration FET Potential 
Divider circuit diagram. 
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Fig.12 Demonstration breadboard com
ponent layout for the FET Potential 
Divider. 
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Fig.13. Using a voltage-controlled attenuator. 
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PAnTS liST 
Resistors . 
Rl ................................................... lM 
R2 .................................................. 100 
R3 .................................................. 470 
R4 .................................................. 2k7 

All 0.25W 5% carbon 

Potentiometer 
VRl.. ........... lOk submin. horiz. trim 

Semiconductors 
Dl .......................... TIL209 red l.e.d. 
TRl ............ 2N3819 n-channel FET 
TR2 .............. 2N3904 npn transistor 

Miscellaneous 
Breadboard; Bl, B2 6V battery and con
nectors (2); materials for touch plate (see 
text); connecting wire and voltmeter 
(multimeter), set to lOV f.s.d. scale. 

Other FETS 
The MOSFETs (FETs based on CMOS 
technology) are widely used both as in
dividual transistors or as integrated cir
cuits. In the more popular types, the gate 
controlled by positive voltages, obviating 
the need to have a negative supply. 

In logic circuits MOSFETs have the 
great advantage that they use virtually no 
current except when they are actually 
changing state from on to off. As transistor 
switches (used similarly to the FET in 
Fig.6), they can be used to switch analog 
signals under logic control. 

Readers may have heard mention of 

Value Priced Oscill[!scopes 
20 MHz DUAL TRACE ..... 
OUR MOST POPULAR SCOPE! 
Features built-in component tester ideal 
for troubleshooting solid state circuits and 
components with no circuit power; 80 x 
1 00 mm high luminence CRT; TV sync 
measurement for vertical and horizontal 
circuitry. Sensitivity 1 mV/div. 
Dimensions: 6.4"x11.5"x14". $595 MODEL NO. 33330 • 

15 MHz PORTABLE 
Dual trace, rechargeable battery or 
AC operation, 3.5" CRT, TV video 
sync filter, sensitivity 2mV/div., 
carry handle. 
MODEL NO. OS615S $829. 
35 MHz DUAL TRACE 
Features fast sweep time, high brightness 
80 x 1 00 mm CRT display, stable display 
of Ch.A and Ch.B waveforms, single trace 
viewing, sensitivity 1 mV/div. $849_ 
MODEL NO' OS635 
Set of 1:1/10:1 switchable probes$59. 
50 MHz also available. Please add $15 for shipping and handling. 
Order by phone or mail. Credit card, money order, cert. cheque or C.O.D. 
Ontario residents add 7% P.S. T. 

KB ELECTRONICS 
355 Iroquois Shore Road, Oakville, Ontario L6H 1M3 
Tel: (416) 842-6888 • Telex: 06-982396 KBELOKVL 
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the Darlington pair, a configuration of two 
bipolar transistors connected to obtain very 
high gain. Last, but no means least, are the 
VMOS transistors. These are MOSFET 
power transistors, capable of handling cur
rents of several amps, up to 30A or more 
for the heftier members of the group. 

It is obvious that FETs cover the 
complete spectrum of transistor functions. 
With the advantages that we have dis
cussed above, it is not surprising that they 
are being used in an increasing number of 
applications. • 

19" RACK MOUNT CASES: black 
steel chassis, anodized aluminum 
front panel. Ideal for audio equip· 
ment and special projects. 19" x 7" x 
12" $47.50, 19" X 5.25" X 12" $43.50, 
19" X 3.5" X 12" $41.50, 19" X 1. 75" 
x 12" $40.50. SUNIX INC. 3850 Steeles 
Ave., W . #5, Woodbridge, Ontario, 
L4L 4X6 Tel: (416) 856-2222. 

POCKET DMM CLEARANCE! A 
special deal on the Hioki 3217 3·1/2 
digit pocket multimeter- just $35! 
The 3217 features AC and DC volts to 
450, ohms to 2 megohms, a diode 
checker and a continuity test. Its 
hardly bigger than a credit card , and 
comes complete with leads and bill
fold·style case. But there are only 
nine left - first come, first served! 

Call RICK CREE at 445·5600 while 
they last. 

ORIGINAL TRI-MODE PARTS $89.95, 
SB3 Parts $69.95, Notch Filters 
$39.95, Catalogs $1. GENIE, Box 522, 
Montreal H3S 2V3. 

CABLE TV DESCRAM BLI N G TECH NI
QUES. 56 pages. $13.95. Channel 3 
notch filter $39.95. Amazing see-in
the dark infra-red night viewer kit 
$295. SCA backrou nd music kit 
$49.95. Catalogs $1. OCTE(J), Box 
173, Montreal, H3X 3T4. 514·739-9328. 

JAPANESE Semiconductors, 
Needles, Drive Belts, Fuses and 
much much more. Send $2.00 to 
cover postage for free catalogue. 
INTEGRATED CIRCUIT SPECIALISTS 
P.O. Box 1601, Station B, 
Mississauga ON L4Y 4G3. 

For Advertising Information Call: 
(416) 445-5600 Or Fax: 

416-445-8149 
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he Amstrad PPC640 is a 640K MS
DOS computer that combines por
tability with a full complement of fea
tures, including a full-sized AT-style 
enhanced keyboard. Though people 
tend to refer to it as a laptop, with a 
fully-open size of about 18 inches 
square it's only for rather large laps. Its 

SO-column screen, internal modem and 
communications software make it very 
useful for travellers who need to use 
spreadsheets, databases, etc. 

Unpacking 
The computer is largely self-contained, 
with a top that folds down to become the 
full-sized keyboard. Those who've cut 
their teeth on the PC/XT keyboard will 
forever question the reason that IBM 
shuffied some of the keys around, in par
ticular the Control/Caps Lock keys. 
However, it has a nice feel to it, and having 
cursor keys separate from the numeric 
pad is a nice touch. 

Under the keyboard is a liquid-crystal 
display that's roughly 6 by 5 iiiches. It hin
ges upward toward the user, allowing a 
fair amount of adjustment, and it also in
cludes a contrast control that can be set to 
compensate for the lighting angle. This 
lighting angle is · quite important; despite 
its high resolution (SO-column text, CGA 
graphics), the display is not backlit andre-
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Filling a niche between laptops 
and desk MSDOS computers. 

quires careful angling to get the clearest 
readout. I found that the best results were 
from soft light coming over your shoulder. 
There's also an output for regular 
monitors, plus Amstrad's unique connec
tor for Amstrad-only monitors; in this 
case, the monitor itself supplies power to 
thePPC. 

The PPC640 is powered by 10 
alkaline C cells; rechargeable NiCads are 
not recommended because their 12 volts 
per cell will cause a premature battery-low 
indication. Included in the package is an 
AC adapter. The manual does not give 
any indication of battery life, though it's 
obviously affected by how much you use 
the modem or disk drives. An adapter 
cord is included for running the computer 
from a car lighter socket. 

There are two disk drives, both 72DK 
3.5'' types. The software consists of MS
DOS Version 33, a telecommunications 
program, and a files utility called the PPC 
Organizer. 

Also included in the package is a car
rying case and a standard modular cord 
for connecting the modem to a telephone 
jack; a small compartment beside the 
LCD stores the phone cord. 

Ports 
Behind a fold-down rear panel is a stand-

Bill MARKWICK 

ard telephone jack for the line, and another 
for a telephone set if you need one. A 25-
pin connector and a 36-pin bring out the 
necessary buss lines for future expansion, 
the video appears on a 9-pin, the serial port 
on a male 25-pin D-type, and the parallel 
port on a female 25-pin D-type. 

A DIP switch on the left side is used to 
switch the video from MDA (mono
chrome) to CGA (does anyone ever actual
ly use the MDA mode?), and also switch 
from internal to external monitor, though 
this can be done from the keyboard as well. 

A Tryout 
After loading DOS and fiddling with the 
screen angle, we tried a wide variety of 
programs; all of them ran without a hitch. 
Programs with CGA graphics, such as the 
Flight Simulator (DOS version), were ac
ceptable, though not up to the crispness of 
a proper monitor. LCDs, after all, are a 
concession to portability. 

The processor, which the Norton 
Utilities revealed to be a NEC V20, put in 
an impressive performance: it rated 4.0 on 
Norton's SI (four times as fast as a 
4.77MHz PC/XT) and 2.9 on the Bench1 
program. The difference is related to the 
caching method used by the V20; the in
crease in performance depends on what 
type of instructions it's executing - simple 
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programs like word processors gain very 
little, complex programs gain a lot. In any 
case, the PPC640 doesn't lack for process
ing speed. 

In the past, LCDs have been noted 
for pokey performance, but the supertwist 
model in the PPC zips along, rating a 55 in 
our Zenotest benchmark (a standard 
4.77MHz with a CGA rates about 160, or 
one- third as fast). 

The disks are typical of all 3.5" drives 
in being somewhat slower than the 5.25" 
types, but users will welcome the 720K 
storage space. Amstrad does not have an 
internal hard drive, but one will be avail
able from: third party suppliers. 

Included Software 
The PPC Organizer is a combination 
word processor, database, diary, and cal
culator. There's even a function for dialing 
the modem using either an entered num
ber or one called from the cardfile 
(database). The Organizer can be run 
from a disk or installed as a memory-resi
dent program. It uses a windowing system 
to run simultaneous functions or menus. 

The Organizer has the habit of saving 
to the A: drive every 60 seconds, creating a 

FEATURES/SPECIFICATIONS: 
OSCILLOSCOPES GOS SERIES 
• - DELAYED SWEEP (GOS 543 & GOS523) 

disk file whether you want one or not. This 
may be good for the inexperienced user, 
but you may want to increase the delay to 
its maximum. 

I found that the Organizer was a bit 
difficult to learn, though it certainly did lots 
of things that would otherwise require mul
tiple programs. It takes up about 250K of 
disk space. 

The Mirror II telecommunications 
program is a large, comprehensive ap
plication for doing just about every fancy· 
file- handling trick in the book. Fortunate
ly, its most-used functions, such as Send A 
File or Receive A File, are easy to access 
and use. The expert will find controls for 
just about every possible parameter. 

• - TRIGGERED OPERATION • -
• - CHOICE OF 40 OR 20 MHz BANDWIDTH • 
• - COMPACT, RUGGED DESIGN 
• - 6" RECTANGULAR SCREEN 
• - X-V OPERATION 
• - SENSITIVITY 5mV - 5V/ DIV. 

GW INSTRUMENT 
• - BANDWIDTH (MHz) 
• - RISE TIME(nS ) 

- DELAYED SWEEP 

MODEL GOS ~o 0 

0-40 
8.8 
0-2J.<S TO 0.5mS 0-2J.<S TO 0.5mS/ DIV. 

$1300.00 $945.00 

Lastly 
The included manuals are stuffed with in
formation, but may overwhelm the begin
ner because of their lack of organization, 
which I suppose is true of most manuals. 
The liquid-crystal display, while adequate 
for a portable, may not suit you if you want 
the PPC640 as your only computer; check 
it out first by running a program that in
cludes graphics. 

The PPC640 is available from local 
Amstrad dealers; no doubt they will dis
count well below the suggested retail price 
of $2009. If you can't locate one, the Can
adian distnbutor is Audio Video Specialists 
Inc., 2134 Trans Canada Hwy. S., Montreal, 
Quebec H9P 2N4, (514) 683-5307. • 

MODEL GOS 5228· 
0-20 
17.5 
NOT AVAILABLE 

$812.00 PRICE FSTIP 
ONO..UDES PROBES) *LIMITED TIME OFFER - EXPIRES NOVEMBER 30TH, 1988 

DUNCAN INSTRUMENTS CANADA LTD_ 
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OVER 450 EXHIBnGRS AND 
40,000 ATTENDEES MAKE THE 
CANADIAN COMPUTER SHOW 

THE ONE EVENT YOU CAN'T MISS! 

Come discover the ideal computer solution for your business 
as you enter a world of innovation and interest second to none. 
Come explore six buildings (up to 350,000 sqvare feet) full of 
exciting exhibits, seminars and special attractions! 

The 19th Annual Canadian Computer Show highlights two 
new features as well- exceptional incentives designed especially 
for VARs and the Canadian Information Processing Society (CIPS) 
Computer Seminar Series. 

Informative Seminars and Special Attendee Kits are just the 
beginning of what the Show has in store for VARs this year. And the 
CIPS Computer Seminar Series will be an excellent opportunity 
for everyone to discover what's happening in the industry and how 
to best profit from new technologies like desktop publishing, local 
area networks, OS/2 and much more. (For additional information 
call CIPS at (416) 593-4040 . 

The 19th Annual Canadian Computer Show, November 14th 
to 17th, 10 a.m. to 6 p.m. daily. Registration is $15.00 and is 
restricted to business professionals 18 years and over. 

It's no small wonder that this Show is where you want to be! 

THE 19th ANNUAL 

alfWID.flll aMIPUTIII SIIHNI' 
Toronto Inte rnational Centre, 6900 Airport Rd., Mississauga, Ont. 

Produced and tm -
ma naged by: INDUSTRIAL TRADE & CONSUMER SHOWS INC c.. 10 B/J1TERJCK RD. TORONTO. ON TARIO, CANADA MBW JZB 

TEL· (416! 1J1-7791 FAX: (4161 2Jz.9848 



What's the difference be
tween a portable scope and 
the truly portable LB0-315? 
A lot of weight, among 
other things. At just 10 lbs 
and 10.5 x 3 x 13" with 
battery, the full-function 
LB0-315 can easily go 
everywhere a technician 
goes. 

Dorit waste money. 
When a tech must 

return to the shop or a 
car, for the heavy scope left 
behind, time costs money. 
LB0-315, the scope techs love 
to carry, saves time and delivers 
more profit. It's that simple. 

No so-called "portable'' 
even comes close. 

Compact 60-MHz LB0-315 
packs all the performance of a 
bench scope. Operates from 

The truly 
portable 
LB0-315 
comes with 
complete 
accessories, 
as shown 
at left. 

this~ a lapdog. 
supplied 12-Vdc battery, external 

10 to 20 Vdc source or 85 to 
264 Vac, without switching. Has 

bright 3.5", 12-kV, PDA CRT; 
alternate trigger, time base, 

and sweep; 2-channel and 
X-Y operation; variable 
holdoff, and more. All this 

from a unit small enough to 
fit into an attache case! 
Leader has "truly porta

ble" 20 to 60-MHz oscillo
scopes for ac/dc or ac 

operation. Ask for an evaluation 
unit, more information, or our 

latest Catalog. 

B.C./ Alberta Call 
(604) 985-6707 

Saskatchewan/Manitoba 
Call (204) 775-3354 

Ontario Call Quebec Call 
(416)828-6221 (514)337-9500 

Omnitronix~ 
Instruments that measure up 
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2410 Dunwin Drive, Unit 4, Mississauga, 
Ontario, L5L 1J9 Fax (416) 828-6408 

8100 F, Trans-Canada Hwy., St. Laurent, 
Quebec H4S 1M5 Fax (514) 337-5649 
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FLUKE AND PHILIPS- THE GLOBAL ALLIANCE IN TEST & MEASUREMENT 

The new Fluke 80 Series 
shown actual size FLUKE ELECTRONICS CANADA INC. 

Mississauga, Ont. Tel.(416) 890-7600 Fax: (4_16) 890-6866 • Otlawa, Ont. Tel.(613) 723-9453 Fax: (613) 723-9458 
Dorval , Que. Tel(514) 685-0022 Fax : (514) 685-0039 • Calgary, Alia. Tel.(403) 291-5215 Fax: (403) 291-5219 

PHILIPS 

The new 80 Series 
is a digital meter, 
an anilog meter, 
a frequency counter, 
a recorder, 

• a capacttance tester, 
and a lot more. 
It's the first multi meter that can truly be 
called "multi" ... not only standard 
features, but special functions usually 
limited to dedicated instruments. 

Plus, innovations only Fluke can bring 
you. Like duty cycle measurements. Or 
recording the minimum, maximum and 
average value of a signal. Or the audible 
MIN MAX Alert'" that beeps for new highs 
or lows. 

There's even Fluke's exclusive Input 
Alert'", that warns you of incorrect input 
connections. And a unique Flex-Stand'" 
and protective holster, so you can use the 
80 Series almost anywhere. 

Make sure your next multi meter is truly 
multi. Call today for the name of your local 
Fluke distributor. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE83 FLUKE85 FLUKE87 
V0/1s, onms, amps, diode test, audible continuity, frequency and duty cycle, 
capacitance, Touch Hold", relat~e. protective holster with Flex-Stand"'. 
0.3% bas~ de accuracy 0.1% bas~ de accuracy 0.1% basic de accuracy 

5kHz acv 20kHz acv ~207kHz~ac':!:V :---
Analog bargraph & Analog bargraph & H~ resolution 
zoom zoom analog pointer 
Three year warranty Three year warranty -"-'Tru"-"e rms~ac~~ 

---- ---- 1msPEAKMINMAX 
---- 41hdigttmode ======== Back Itt display 

________ Threeyearwarranty 

FLUKE 
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